LOAN  DOCUMENT 


LEVEL 


PHOTOGRAPH  THIS  SHEET 


jL_ 

INVENTmV 


3B-  w/yr 

DOCUMENT  IDENTinCAIION 


DISTRIBUTION  STATEMETiT  A 

Approved  for  pxibUc  release; 
Distribution  Unlimited 


DISTRIBUTION  STATEMENT 


DATE  ACCESSIONED 


DATE  RETURNED 


1998073]  114 

DATE  RECEIVED  IN  DTIC  REGISTERED  OR  CERTIFIED  NUMBER 


PHOTOGRAPH  THIS  SHEET  AND  RETURN  TO  DTIC-FDAC 


ITOaCISBXHAUfnD. 

LOAN  DOCUMENT 


w  ^  >  n 


3B-  1995 


Final 

Environmental  Impact  Statement 

for  the 

Kauai  Acoustic  Thermometry  of  Ocean  Climate 

Project 

and  its  associated 

Marine  Mammal  Research  Program 

(Scientific  Research  Permit  Application  [P557E]) 

Hawaii  Conservation  District  Use  Permit  Application  [KA2734] 

Volume  II 


Prepared  by 

Advanced  Research  Projects  Agency 
3701  North  Fairfax  Drive 
Arlington,  VA  22203-1714 

and 

National  Oceanic  and  Atmospheric  Administration 
National  Marine  Fisheries  Service 
Office  of  Protected  Resources 
1315  East-West  Highway 
Silver  Spring,  MD  20910 

State  of  Hawaii 
(State  Accepting  Authority) 
Department  of  Land  and  Natural  Resources 
Office  of  Conservation  and  Environmental  Affairs 

1151  Punchbowl 
Honolulu,  HI  96813 


May  1995 


Printed  on  Recycled  Paper 


REPORT  DOCUMENTATION  PAGE 


Form  Approved 
0MB  No.  074-0188 


Public  reporting  burden  for  this  collection  of  information  is  estimated  to  average  1  hour  per  response,  including  the  time  for  reviewing  instructions,  searching  existing  data  sources,  gathering  and 
maintaining  the  data  needed,  and  completing  and  reviewing  this  collection  of  information.  Send  comments  regarding  this  burden  estimate  or  any  other  aspect  of  this  collection  of  information,  including 
suggestions  for  reducing  this  burden  to  Washington  Headquarters  Services,  Directorate  for  Information  Operations  and  Reports,  1215  Jefferson  Davis  Highway,  Suite  1204,  Arlington,  VA  22202-4302, 
and  to  the  Office  of  Manaaement  and  Budget,  Paperwork  Reduction  Project  (0704-0188),  Washington.  DC  20503 _ 


1 .  AGENCY  USE  ONLY  (Leave  blank)  2.  REPORT  DATE  3.  REPORT  TYPE  AND  DATES  COVERED 

May  1995  Final  EIS,  May  1995  _ 


4.  TITLE  AND  SUBTITLE  5.  FUNDING  NUMBERS 

Final  Enyironmental  Impact  Statement  for  the  Kauai  Acoustic  Thrmometry  of  Ocean  N/A 
Climate  Project  and  its  associated  Marine  Mammal  Research  Program:  Vol  11 

6.  AUTHOR(S) 

Adyanced  Research  Projects  Agency 


7.  PERFORMING  ORGANIZATION  NAME(S)  AND  ADDRESS(ES) 


Adyanced  Research  Projects  Agency 
Arlington,  VA 


State  of  Hawaii  Silyer  Spring,  MD  2C 

Dept,  of  Land  and  Natural  Resources 
1151  Punchbowl 
Honolulu,  HI  96813 


9.  SPONSORING  /  MONITORING  AGENCY  NAME(S)  AND  ADDRESStESI 

SERDP 

901  North  Stuart  St.  Suite  303 
Arlington,  VA  22203 


National  Oceanic  and  Atmospheric 
Administration  National  Marine  Fisheries 
Seryice 

Silyer  Spring,  MD  20910 


8.  PERFORMING  ORGANIZATION 
REPORT  NUMBER 

N/A 


10.  SPONSORING  /  MONITORING 

N/A 


11.  SUPPLEMENTARY  NOTES 

Prepared  by  the  Adyanced  Research  Projects  Agency  in  cooperation  witbthe  National  Oceanic  and  Atmospheric  Administration 
National  Marine  Fisheriees  Seryice  and  the  State  of  Hawaii.  May  1995.  This  work  was  supported  in  part  by  SERDP.  The  United 
States  Goyemment  has  a  royalty-free  license  throughout  the  world  in  all  copyrightable  material  contained  herein.  All  other  rights  are 
reseryed  by  the  copyright  owner. 


12a.  DISTRIBUTION /AVAILABILITY  STATEMENT 

Approved  for  public  release:  distribution  is  unlimited. 


12b.  DISTRIBUTION  CODE 

A 


13.  ABSTRACT  (Maximum  200  Words) 

Acoustic  Thermometry  of  Ocean  Climate  (ATOC)  is  proposed  as  a  proof-of-concept  study  funded  by  the  Strategic  Environmental 
Research  and  Development  Program  (SERDP).  The  primary  propose  of  ATOC  is  to  make  a  contribution  toward  meaningful  climate 
predictions.  All  vialble  climate  models  show  that  the  ocean  plays  a  profound  role  in  climate  change.  The  ocean  provides  much  of  the 
memory  which  defines  climate.  No  climate  forecast,  with  all  its  consequences,  will  have  any  skill  greater  than  that  imbedded  in  the 
oceanic  component.  One  will  not  get  the  atmosphere  right  unless  one  gets  the  ocean  right. 


14.  SUBJECT  TERMS 

ATOC,  MMRP,  SERDP 


17.  SECURITY  CLASSIFICATION 
OF  REPORT 

Unclass. 


18.  SECURITY  CLASSIFICATION 
OF  THIS  PAGE 

Unclass. 


19.  SECURITY  CLASSIFICATION 
OF  ABSTRACT 

Unclass. 


15.  NUMBER  OF  PAGES 

248 


16.  PRICE  CODE 

N/A 


20.  LIMITATION  OF  ABSTRACT 

UL 


NSN  7540-01-280-5500 


Dnc  quawtt  arencrm)  i 


Standard  Form  298  (Rev.  2-89) 

Prescribed  by  ANSI  Std.  Z39-18 
298-102 


KAUAI  ATOC  MMRP  FINAL  EIS 


TABLE  OF  CONTENTS 

Volume  n 


APPENDIX  E  -  List  of  Agencies,  Organizations  and  Individuals  Consulted  in 
Preparing  the  EIS 

APPENDIX  F  •  Responses  to  Comments  Raised  by  the  Draft  EIS 
APPENDIX  G  -  Kauai  MMRP  Baseline  Data  (1993-94) 


APPENDIX  E 

List  of  Agencies,  Organizations  and  Individivals  Consulted 

Preparing  the  EIS 


FEDERAL 


U.S.  Department  of  Interior,  Fish  and  Wildlife  Service 

U.S.  Department  of  Commerce,  Office  of  Policy  &  Strategic  Planning 
National  Oceanic  and  Atmospheric  Administration,  William  Archambault 

U.S.  Department  of  Commerce,  National  Oceanic  and  Atmospheric 

Administration,  National  Marine  Fisheries  Service 

William  W.  Fox,  Director 

Jeannie  Drevenak 

Ann  Terbush 

Mary  Freeman 

Ken  HoUingshead 

Pamela  Plotkin 

U.S.  Army  Corps  of  Engineers 

U.S.  Department  of  the  Navy,  Space  and  Naval  Warfare  Systems 
Command,  Dennis  Colon 

U.S.  Department  of  Interior,  Fish  &  Wildlife  Services 
Johnston  Atoll,  Chris  Depkin,  Roger  Dirosa 

Environmental  Protection  Agency,  Region  IX 
KaWeen  Johnson,  Director 

Marine  Mammal  Commission 
Robert  Hofman 
STATE 

Department  of  Business,  Economic  Development  and  Toxirism 
Ocean  Resources  Branch,  MacDonald,  Craig 

Department  of  Land  and  Natural  Resources,  State  Historic  Sites  Division 

Department  of  Land  and  Natural  Resources,  Div.  of  Conservation 
and  Environmental  Affairs 
Roger  Evans,  Chief 

Department  of  Land  and  Natiural  Resources,  Div.  State  Historic  Sites 

Department  of  Health,  Clean  Water  Branch 
Dennis  L.  Lau,  Chief 


E-1 


Department  of  Health,  Engineering  Section 
Edward  Qien,  Chief 

Department  of  Transportation 

Hawaii  Office  of  Environmental  Control 
Betty  Wood 

Office  of  Environmental  Quality  Control 

Pacific  Missile  Range  Facility 
P.  McClaran 

CITY  AND  COUNTY  OF  HONOLULU 

Corp  of  Engineers 
Mike  Lee 

Department  of  Transportation  Services 

Office  of  State  Planning,  Hawaii  Coastal  Zone  Management 

Honolulu  Office 

Douglas  S.Y.  Tom,  Chief 

Department  of  Commerce,  National  Marine  Fisheries  Service 
Honolulu  Office 

ORGANIZATIONS 

Audobon  Society 

Center  for  Marine  Conservation 
Holly  Price 

Center  for  Seismic  Studies 
Tony  Clark 

Cornell  University,  Bioacoustic  Research  Program 
Christopher  W.  Clark 

Adam  Frankel,  David  Mellinger,  Russel  Charif,  Connie  Gordon 

EBASCO  Environmental,  Inc- 
Grotefendt,  Rich 

EBASCO  Environmental,  Inc. 

Mari  Smultea 


E-2 


Environmental  Defense  Fund 
Rod  Fujita 

Friends  of  the  Sea  Otter 
Ellen  Faturot-Daniels 

Hawaii  Audubon  Society 

Hawaii  Institute  of  Marine  Biology 
Paul  E.  Nachtigall 

Hawaiian  Islands  Humpback  Whale  National  Marine  Sanctuary 
Janet  Sessing 

Heller,  Ehrman,  White  and  McAuliffe 

Hubbs  Sea  World  Research  Institute 
Ann  Bowles,  Scott  Eckert 

Kauai  Friends  of  the  Environment 
Beau  Blair,  Raymond  Chuan 

Kauai  National  Wildlife  Refuge 
Kathleen  Viemes,  Richard  Voss 

LGL,  LTD.,  Ontario 
John  W.  Richardson 

Loyola  University,  Psychology  Department 
Richard  R.  Fay 

Marine  Acoustics,  Inc.,  Newport,  RI 
William  T.  Ellison 

Marine  Acoustics  Inc.,  Arlington,  VA 
Lee  Shores 

Moss  Landing  Marine  Laboratories 
James  Duffy,  Gregor  Calliet 

Natural  Resources  Defense  Council 
Ann  Nothoff,  Joel  Reynolds 

Research  Planning,  Inc. 

A1  Cheaure 


E-3 


Save  Ovir  Shores,  Santa  Cruz,  California 
Vicki  Nichols 

Science  Applications  International  Corporation,  San  Diego,  CA 
David  W.  Hyde 

Science  Applications  International  Corporation,  McLean,  VA 
Peter  Mikhalevsky,  Ruth  Keenan 

Sierra  Club  Legal  Defense  Fund,  Hawaii 
Paul  Atichoff,  Mark  Smaalders,  Denise  Antolini 

Sierra  Club  Legal  Defense  Fund,  Califomias 
Michael  Sherwood,  Tony  Estrada 

Texas  A&M  University,  Marine  Mammal  Research  Program 
Bemd  Wursig,  David  WeUer 

University  of  California,  San  Diego 
Campus  Planning  Dept.,  Marilyn  Cox 

University  of  Hawaii,  Environmental  Center 
Jackie  Miller 

University  of  Hawaii,  Dept,  of  Psychology 
Alison  Craig 

University  of  Hawaii,  Div.  of  Social  Sciences 
Joseph  Mobely 

University  of  Ha  waii 
Rick  Grigg 

University  of  Washington,  Department  of  Statistics 
Judy  Zeh 

Western  Illinois  University,  Biology  Department 
Jeannette  A.  Thomas 

Woods  Hole  Oceanographic  Institution 
Peter  L.  Tyack 

INDIVIDUALS 

Janet  Doherty,  Marine  Mammal  Biologist 
Lexington,  MA 


E-4 


Christine  Gabriele,  Marine  Mammal  Biologist 
Gustavtis,  AK 

Mia  Grifalconi,  Marine  Mammal  Biologist 
Anchorage,  AK 

Mathew  Irinaga,  Marine  Mammal  Biolgist 
Anchorage,  AK 

Gene  Kent,  Marine  Mammal  Biologist 
Santa  Cruz,  CA 

Thomas  Kieckhefer,  Marine  Mammal  Biologist 
Salinas,  CA 

Keoni  McFadden,  Kaneohe,  HI 

Thomas  Norris,  Marine  Mammal  Biologist 
Moss  Landing,  CA 

Katy  Payne,  Marine  Biologist 
Cornell  University 

Sylvia  Earle,  Marine  Biologist 

Lindy  Weilgart,  Marine  Mammal  Biologist 

Hal  Whitehead,  Marine  Mammal  Biologist 
Dalihouyse  University,  Ontario,  Canada 


E-5 


APPENDIX  F 


Responses  to  Comments  Raised  by  the  Draft  EIS 


Introduction 


This  Appendix,  Responses  to  Comments  Raised  bv  the  Draft  EIS.  summarizes  the 
comments  received  on  the  DEIS  prepared  for  the  Kauai  Acoustic  Thermometry  of  Ocean  Climate 
Project  and  its  associated  Marine  Mammal  Research  Program.  This  Appendix  also  provides  the 
document’s  preparers’  responses  to  public  comments  in  accordance  with  the  National 
Environmental  Policy  Act  (NEPA)  and  the  Hawaii  Environmental  Policy  Act  (HEP A).  The 
preparers’  comments  are  also  provided  via  appropriate  expansion,  clarification,  or  revision  of  the 
DEIS. 


The  Advanced  Research  Projects  Agency  received  102  letters  during  the  public  comment 
period  from  January  6, 1995  through  March  9, 1995.  In  addition,  24  statements  were  presented 
at  the  February  9, 1995  public  hearing  in  Lihue,  HI  and  14  statements  were  presented  at  the 
February  10, 1995  public  hearing  in  Honolulu,  HI. 

These  comments  contributed  to  the  evolution  of  the  research  program  that  makes  up  the 
proposed  action.  This  appendix  clarifies  the  issues  expressed  by  the  commenters,  and  presents 
the  preparers’  final  position  on  actions  necessary  for  the  most  environmentally  conscientious 
plan  to  conduct  acoustic  thermometry  measurements  and  a  Marine  Mammal  Research  Program. 

This  Appendix  is  made  up  of  three  parts;  1)  Kauai  DEIS  letter  issues  table,  2)  preparers’ 
responses  to  comments  raised  by  the  DEIS,  and  3)  copies  of  comment  letters  and  public  hearing 
transcripts.  All  comments  fi:om  incoming  letters,  and  statements  fi'om  public  hearings  were 
numbered  (left  margin  of  comment  letters  and  public  hearing  transcripts)  and  categorized  into 
major  issues  and  subissues  (right  margin).  The  following  alphanumeric  designations  have  been 
purposely  omitted  due  to  sequence  reordering:  5.b,  6.j,  7.b,  7.f,  7.g,  9.b,  and  lO.b.  Responses  to 
these  comments  were  then  drafted  and  reviewed  for  scientific  and  programmatic  accuracy. 

Where  appropriate,  the  Marine  Mammal  Research  Program  Advisory  Board  was  consulted  in 
developing  the  comment  responses. 

The  Kauai  DEIS  letter  issues  table  is  a  matrix  that  reflects  issues  raised  by  each 
commenter,  either  via  letter  or  public  hearing.  An  ‘X’  is  placed  next  to  the  commenters  names 
for  each  issue  they  commented  on.  Following  this  are  copies  of  the  letters  received  and  the 
public  hearing  transcripts.  Where  a  comment  generated  a  text  change  (including  tables  and 
figures)  it  is  noted  as  a  ‘TC’  in  the  right  margin  next  to  the  comment.  Where  it  is  deemed  that 
the  EIS  responds  adequately  to  the  comment,  the  appropriate  section  number  is  noted  alongside 
the  comment. 
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ISSUE  1: 


FUNDING  OF  PROGRAM 


Comment:  The  Department  of  Defense  (DoD)  has  no  environmental  mission  and  ATOC  is, 

in  reality,  a  military  project,  partially  “classified,”  designed  to  support  research  into  improving 
military  capabilities. 

Response:  ATOC  is  fionded  by  the  Strategic  Environmental  Research  and 

Development  Program  (SERDP).  SERDP  is  mandated  by  Public  Law  101-510  (40  U.S.C. 
§§2901-2904)  to  support  environmental  quality  research,  development,  demonstration  and 
applications  programs.  As  such,  SERDP  is  the  Defense  Department’s  principal  technology 
development  and  transfer  mechanism  for  environmental  issues.  The  SERDP  program  identifies 
and  develops  technology  to  meet  environmental  commitments  and  to  foster  the  exchange  of 
scientific  information  and  technologies.  It  thus  interacts  with  other  programs  and  applies  defense 
technology  to  derive  more  usable  and  cost-effective  approaches  for  reducing  environmental  risks. 

SERDP  is  comprised  of  six  Technology  Thrust  Areas;  Global  Environmental  Change 
(GEC),  Conservation,  Cleanup,  Compliance,  Energy  Conservation/Renewable  Resources,  and 
Pollution  Prevention.  The  objective  of  the  GEC  thrust  area  (into  which  ATOC  falls)  is  to  focus 
on  research  which  includes  acquisition/organization  of  data  and  research  results  that  quantify  the 
total  environment  at  global  and  regional  scales.  Integration  of  new  and  existing  programs  in  data 
collection  and  analysis  methodologies,  process,  study,  research  and  environmental  modeling  are 
keystone  features.  GEC  programs  focus  on  improving  access  to  Department  of 
Defense/Department  of  Energy(DoD/DoE)  data  bases  and  facilities,  developing  DoD/DoE 
sensing  capabilities  and  technologies.  These  programs  support  research  into  environmental 
change,  process  and  modeling. 

All  projects  funded  by  SERDP  must  sun  ive  an  intense  working  group  screening  process, 
an  evaluation  and  ranking  by  an  executive  working  group,  and  if  $1M  or  greater  in  value, 
rigorous  review  by  an  independent  Scientific  Advisory  Board.  To  qualify  as  a  SERDP  program, 
proposed  efforts  must  meet  requirements  of  the  law’s  authorizing  language  which  describes 
SERDP’s  purpose,  quoted  here  in  part: 

To  address  environmental  matters  of  concern  to  DoD  and  DoE  through 
support  for  basic  and  applied  research  and  development  of  technologies  that  can  enhance 
the  capabilities  of  the  departments  to  meet  their  environmental  obligations. 

To  identify  research  technologies  and  other  information  developed  by  the 
DoD  and  the  DoE  for  national  defense  purposes  that  would  be  useful  to  governmental  and 
private  organizations  involved  in  the  de\  elopment  of  energy  technologies  to  address  ... 
environmental  concerns  and  to  share  such  research,  technologies  and  other  information 
with  such  government  and  private  organizations. 

As  part  of  GEC  and  the  broader  U.S.  Global  Climate  Research  Program,  ATOC  would 
transmit  a  signal  to  be  received  many  thousands  of  miles  away.  Accordingly,  the  use  of  existing 
fixed  undersea  receivers  of  the  Sound  Surveillance  System  (SOSUS),  a  part  of  the  Navy’s 
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Integrated  Undersea  Surveillance  System  (lUSS),  which  were  designed  for  precision  acoustic 
reception,  is  completely  within  the  letter  and  spirit  of  the  SERDP  legislation.  ATOC’s  use  of 
these  Navy  remote  sensing  capabilities  wotild  avoid  major  program  costs.  A  specially-designed 
signal  processing  system  installed  at  selected  lUSS  sites  would  “tap  off’  the  uniquely-modulated 
ATOC  signal. 

It  is  true  that  certain  attributes  of  SOSUS  itself  remain  classified,  specifically,  exact 
location  of  the  underwater  receivers,  or  hydrophones,  but  ATOC  project  results  would  be  entirely 
unclassified,  since  relative,  not  absolute,  travel  times  are  the  primary  measurement.  All  climate 
measurement  data  would  be  available  to  scientists  at  an  unclassified  level. 

The  ATOC  project  has  no  specific  military  purpose  and  is  not  designed  to  improve 
military  capabilities.  However,  research  that  increases  knowledge  of  the  marine  environment 
always  offers  the  potential  for  discoveries  that  may  prove  useful  for  both  civilian  and  military 
purposes. 
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ISSUE  2; 


PROGRAMMATIC  EIS 


Comment:  A  programmatic  EIS  forecasting  and  analyzing  the  environmental  effects  of  the 

overall  ATOC  program  for  at  least  the  next  10  years  is  required  before  any  ATOC  activities 
occur,  including  baseline  studies  providing  information  for  the  environmental  review  process. 
Alternatively,  the  process  for  evaluating  subsequent  ATOC  actions  should  clearly  be  explained 
in  the  FEIS,  and  a  programmatic  statement  should  be  prepared  if  the  10-year  ATOC  program 
proceeds.  The  EIS  should  evaluate  all  current  project  components,  including  components  in 
New  Zealand,  Hawaii,  and  the  fixed  and  drifting  receivers.  The  relationship  of  the  Kauai  and 
California  environmental  review  processes  should  be  clarified.  The  comment  periods  for  the 
California  and  Hawaii  EISs  should  have  been  concurrent. 

Response:  The  EIS  identifies  the  reasons  why  future  ATOC  activities  are  too 

speculative  to  permit  analysis  of  potential  environmental  effects  at  this  time.  Neither  NEPA  nor 
HEPA  require  speculation  concerning  future  activities.  EPA,  the  federal  agency  responsible  for 
ensuring  compliance  with  the  NEPA  guidelines,  recommended  that;  “a  broad  programmatic  EIS 
be  developed  for  the  10-year  ATOC  program,  should  it  occur,  with  tiered  NEPA  documents  for 
each  new  sound  source.” 

Both  NEPA  and  HEPA  require  reasonable  development  of  information  necessary  to 
support  the  EIS;  by  definition  these  studies  must  take  place  before  the  environmental  review 
process  is  completed.  Studies  made  under  existing  permits  and  analyses  of  available  data  have 
provided  important  information  for  preparation  of  the  EIS. 

Both  the  source  technologies  and  source  locations _that  would  be  proposed  for  a  long-term 
ATOC  effort  presently  are  uncertain.  If  the  ATOC  feasibility  study  proves  successful  and  funds 
are  made  available  for  future  activities  (both  of  which  must  be  considered  speculative  at  this 
time),  the  range  of  potential  options  for  ATOC  technologies  includes:  1)  moored  autonomous 
sources  with  a  high  degree  of  siting  flexibility  and  potentially  located  in  very  remote  locations, 

2)  bottom  mounted  autonomous  sources  at  locations  in  the  deep  sound  channel,  with  somewhat 
less  siting  flexibility  or,  3)  cable  powered  sources  that  generally  would  need  to  be  located 
reasonably  close  to  developed  land  areas. 

Autonomous  sources,  particularly  if  they  are  to  be  buoyed  up  on  a  mooring,  require 
substantial  engineering  work  before  the  capabilin'  is  demonstrated;  the  likelihood  that  this  work 
can  be  completed  before  future  phases  might  be  proposed  is  uncertain. 

Several  factors  render  speculative  any  detailed  predictions  concerning  potential  future 
ATOC  project  studies,  including  source  sites.  First,  the  importance  of  avoiding  marine  mammals 
should  be  understood  better  following  the  initial  MMRP  and  feasibility  study  phase.  Also 
pertinent  to  the  location  of  future  sound  sources  would  be  the  degree  to  which  additional  research 
on  marine  mammals  is  considered  important  as  an  overall  ATOC  program  goal. 

The  description  of  siting  criteria  set  forth  in  Section  2  of  the  EIS  provides  the  currently 
available  information  regarding  the  likely  process  for  selecting  any  future  ATOC  source  sites.  It 
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is  anticipated  that  from  one  to  several  sound  sources  would  be  needed  in  each  major  ocean  basin, 
but  even  that  factor  remains  speculative  until  the  results  of  the  initial  feasibility  study  have  been 
obtained.  In  particular,  it  is  not  currently  known  whether  there  is  a  limiting  range  for  the  ATOC 
technology  that  would  require  more  sources  to  obtain  complete  basin-level  or  global  coverage. 
All  of  these  factors  would  be  considered  following  the  feasibility  study  phase  in  developing  any 
long-term  program  proposals. 

The  net  effect  of  all  these  uncertainties  is  that  the  location  of  potential  future  ATOC 
sources  and  their  nature  and  characteristics  are  currently  speculative  and  the  results  of  any 
environmental  review  based  upon  such  specdation  would  likely  be  rendered  obsolete  by  future 
developments  in  the  program. 

No  proposed  sites  for  additional  ATOC  sources  have  been  identified.  The  shift  in 
proposed  location  for  the  California  ATOC  source  from  Sur  Ridge  (preferred  site)  to  Pioneer 
Seamount  demonstrates  both  the  flexibility  of  ATOC  source  siting  decisions  and  the  need  to 
respond  to  evolving  factors  in  focusing  on  specific  proposals.  If  autonomous  technologies  are 
demonstrated  in  the  future,  this  source  siting  flexibility  will  be  even  greater. 

To  the  extent  that  cabled  sound  sources  similar  to  those  proposed  for  the  California  and 
Hawaii  ATOC  installations  are  utilized  for  future  ATOC  activities,  and  assuming  similar  siting 
criteria,  the  impacts  could  be  anticipated  to  be  similar  to  those  analyzed  in  the  respective 
environmental  impact  statements  for  the  California  and  Hawaii  cabled  source  operations.  If 
future  sound  sources  are  located  at  more  remote  sites  with  lower  abundances  of  marine  mammals 
and  other  sea  life,  impacts  could  be  reduced,  but  continued  marine  mammal  research  would 
likely  be  severely  restricted  or  infeasible  at  those  locations. 

If  the  MMRP  demonstrates  any  adverse  impacts  from  ATOC  sound  transmissions  or 
other  ATOC  activities,  and  if  the  ATOC  concept  proves  successful  and  a  long-term  study 
warranted,  a  programmatic  environmental  impact  statement  likely  would  be  required  at  that  time, 
with  tiered  site-specific  environmental  review. 

The  complete  ATOC  program,  as  currently  known,  consists  of  the  activities  described 
and  analyzed  in  the  EIS/EIR  for  California  and  the  EIS  for  Hawaii  cabled  source  installations 
and  related  activities.  These  two  documents  incorporate  one  another  by  reference  and  when 
combined  comprise  a  complete  program-level  analysis  at  this  time. 

All  of  the  current  project  components  that  fall  under  the  jurisdiction  of  U.S.  federal 
and/or  state  guidelines  or  permitting  requirements,  including  the  pertinent  fixed  and  drifting 
receiving  arrays,  are  analyzed  in  the  EIS.  Specifically,  the  EIS,  in  Section  4.2. 1.1,  concludes  that 
none  of  the  receiving  arrays,  including  those  in  non-U.S.  waters  (e.g.,  Guam,  Rarotonga  [New 
Zealand])  will  have  significant  environmental  impacts. 

The  DEISs  for  California  and  Hawaii  were  released  as  close  in  time  as  was  practicable.  It 
was  determined  not  to  delay  release  of  the  California  EIS/EIR  to  permit  identical  review  periods, 
since  not  all  commenters  are  interested  in  both  sites  and  such  delay  would  have  unnecessarily 
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withheld  information  of  concern  to  the  public  in  California.  Commenters  interested  in  any 
combined  effects  of  the  California  and  Hawaii  activities  have  been  able  to  provide  then- 
comments  as  late  as  the  close  of  the  comment  period  on  the  Hawaii  document  (March  9, 1995). 
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ISSUE  3:  ROLE  OF  ACOUSTIC  THERMOMETRY  IN  ADDRESSING  GLOBAL 

WARMING 

a.  CLARIFICATION  OF  ATOC  OBJECTIVES/GOALS 


Comment:  1)  What  is  the  primary  purpose  of  ATOC?  The  project  description  is  inadequate. 

2)  Why  bother  with  the  detection  of  greenhouse  warming  when  we  know  already  that  it  has  taken 
place?  3)  Why  not  just  put  a  thermometer  over  the  side  of  the  ship  and  measure  temperatures 
directly?  4)  Won't  your  measurements  take  too  long  to  do  any  good? 

Response:  1)  There  is  not  yet  sufficient  agreement  within  the  environmental  scientific 

communities  on  the  possible  adverse  effects  of  greenhouse  warming  and  the  extent  that  it  may  be 
occurring.  The  primary  purpose  of  ATOC  is  to  make  a  contribution  toward  meaningful  climate 
predictions,  which  are  a  prerequisite  to  any  effecti\‘e  national  and  international  policy  on  fossil 
fuel  consumption.  In  the  future,  validated  climate  models  will  be  the  primary  tools  available  to 
persuade  governments  to  adopt  new  policies  toward  energy  consumption  and  renewal.  Such 
scientific  consensus  was  instrumental  in  arriving  at  the  Montreal  Protocol  regarding  CFC 
reduction/elimination. 

2)  Greenhouse  warming  may  have  been  detected  in  the  atmosphere,  but  has  not  yet  been 
observed  in  the  ocean.  Climate  models  have  been  used  to  examine  the  ocean's  response  to 
greenhouse-induced  atmospheric  warming.  Existing  climate  models  differ  widely  in  their 
predictions,  partly  as  a  result  of  the  treatment  of  clouds  and  the  so-called  “flux  correction”  (the 
salt  water/freshwater  balance  in  the  ocean  changes  over  time.  To  keep  the  models  in  agreement  it 
is  necessary  to  “correct”  for  these  changes).  Climate  modelers  all  agree  that  the  ocean  plays  a 
vital  role.  You  carmot  get  the  atmosphere  right  until  you  get  the  ocean  right.  Further,  the  ocean 
is  important  in  its  own  right,  for  predicting  sea  level  changes,  changes  in  coastal  habitats,  and 
changes  in  circulation  affecting  marine  life  globally. 

The  ATOC  role  is  not  to  detect  greenhouse  warming  in  the  ocean,  but  to  test  climate 
model  predictions,  whether  ambient  or  greenhouse-related.  Where  we  find  the  models  to  be 
inadequate,  this  would  lead  to  an  improved  understanding  and  prediction  of  climate  variability. 

So  our  initial  effort  would  be  devoted  to  test  and  improve  ambient  climate  predictions,  and  this 
inevitably  would  lead  to  improved  greenhouse  climate  predictions.  We  do  not  have  to  wait  for  a 
decade  to  provide  much-needed  data.  As  indicated  in  the  EIS/,  “...well  before  global  climate 
change  is  evident  in  the  data,  ATOC  will  be  able  to  contribute  valuable  sea-truth  data  to  the 
climate-research  modeling  community,  to  impro\  e  their  predictive  capability.”  (Section  1.1.1). 

3)  The  ATOC  project  provides  for  a  new  t>  pe  of  ocean  measurement,  acoustic 
thermometry,  which  complements  satellite  altimetry  observations.  These  are  by  no  means  the 
only  ocean  measurements  that  are  or  should  be  taken,  but  they  are  unique  in  viewing  the  oceans 
on  the  scale  of  climate  variability,  from  5000  to  10,000  km.  Averaging  many  hundreds  of 
traditional  point  measurements  can  demonstrate  climate  variability  and  has,  in  fact,  lead  to  much 
of  what  is  now  known  about  ocean  climate.  But  there  is  an  inherent  advantage  of  conducting  the 
ocean  observation  program  on  a  scale  commensurate  with  the  scale  of  ocean  features  material  to 
climate  predictions. 
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4)  Climate  variability  can  be  associated  with;  a)  ambient  processes  which  are  not  directly 
related  to  human  activity;  examples  are  the  seasonal  variation,  and  El  Nino  events;  and  b) 
variations  associated  with  human  activities,  such  as  greenhouse  warming.  Separation  of  the 
former  from  the  latter  is  not  easy  and  will  at  best  take  many  years.  But  by  testing  and  improving 
the  ambient  climate  models  now  progress  can  be  made  towards  greenhouse  prediction  later.  A 
model  that  fails  to  accoimt  for  ambient  variability  will  fail  to  properly  predict  greenhouse 
variations.  Interplay  of  the  observation  and  model  will  lead  to  model  improvements  and 
ultimately  to  model  credibility. 

Establishing  the  credibility  of  greenhouse  prediction  is  an  important  element  toward  a 
rational  public  policy.  Although  global  warming  has  been  identified  by  the  international 
climatology  community  as  a  very  important  problem,  there  is  currently  no  agreement  in  the 
environmental  scientific  community  on  the  extent  and  possible  implications  of  the  greenhouse 
effect.  Acoustic  thermometry  can  make  a  contribution  towards  credible  model  predictions  that 
could  go  a  long  way  toward  fostering  agreement  among  climatologists  which,  in  turn,  could 
enhance  the  possibility  of  national  and  international  policy  changes  with  respect  to  fossil  fuel 
usage.  See  also  response  to  Issue  3.d. 
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ISSUE  3:  ROLE  OF  ACOUSTIC  THERMOMETRY  IN  ADDRESSING  GLOBAL 

WARMING 


Comment:  Since  we  already  know  that  greenhouse  warming  is  taking  place,  there  is  no  need 

for  further  studies.  Instead  of  spending  money  on  such  studies,  why  not  put  it  into  better 
conservation  measures? 


Response:  Energy  conservation  measures  should  indeed  be  put  into  effect.  Such 

measures  are  very  expensive,  and  they  have  to  be  mounted  on  an  international  scale  to  be 
effective.  To  persuade  governments  to  follow  such  a  course  will  require  clear  evidence  of  the 
consequences  of  inaction.  There  have  been  numerous  studies  of  the  projected  consequences 
(e.g.,  on  agriculture,  sea  level,  etc.).  These  are  not  based  on  the  indicated  warming  by  about 
0.5°C  in  the  last  centun.',  but  on  model  predictions  of  much  more  severe  future  changes.  These 
predictions  differ  from  place  to  place,  and  generally  point  to  greater  warming  in  the  northern 
hemisphere,  particularly  at  high  northern  latitudes;  and  in  some  places  a  cooling  is  predicted. 


“There  is  important  need  for  model  predictions  to  be  tested  against 


.”  (Section  1.1.1,  emphasis  added).  Also, 


see  previous  comment  for  additional  response  relevant  to  this  comment. 
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ISSUE  3:  ROLE  OF  ACOUSTIC  THERMOMETRY  IN  ADDRESSING  GLOBAL 

WARMING 

c.  ADEQUACY  OF  COMPUTER  MODELS  FOR  CLIMATE  PREDICTIONS 


Comment:  Adequate  climate  models  already  exist.  A  full  explanation  of  the  “global  climate 
models”  should  be  included  in  the  EIS.  Why  spend  money  on  an  expensive  and  questionable 
ocean  observation  program? 

Response:  The  majority  of  the  climatology  research  community  do  not  think  existing 

models  are  adequate  to  project  future  changes  (e.g.,  McDonald  et  al.,  1994;  Ehret,  1994). 

Among  the  uncertainties  most  often  quoted  are  the  role  played  by  clouds  (which  is  being 
intensively  studied),  the  so-called  “flux  correction”  (see  Comment  Response  3. a.)  which  needs  to 
be  applied  to  predictions  to  keep  them  calibrated,  and  which  can  measurably  affect  the  predicted 
climatic  change,  and  the  dominant  role  played  by  the  oceans. 

During  the  first  decade  of  numerical  weather  predictions  in  the  early  fifties,  the  predictive 
skill  actually  diminished  relative  to  the  previous  manual  predictions.  The  reason,  it  turned  out, 
was  that  weather  station  observations  were  not  properly  assimilated  into  the  computer  prediction 
models.  And  without  such  data  assimilation,  weather  predictions  become  useless  after  about  ten 
days. 


In  weather  predictions,  the  ocean  plays  a  minor,  passive  role.  In  climate  predictions,  the 
ocean  plays  the  major,  dominant  role.  The  ventilation  of  the  interior  ocean,  associated  with  the 
formation  of  intermediate  and  deep  water  in  the  Greenland  Sea  and  around  the  Antarctic 
continent,  is  one  of  the  most  important  ocean  processes.  Manabe's  climate  model  predicts  the 
termination  of  this  ventilation  in  a  century  or  so,  as'a  consequence  of  greenhouse  wanning. 
(Manabe  and  Stouffer,  1993).  Even  one  year  of  lack  of  this  oceanic  ventilation  process  would 
have  profound  consequences  on  life  on  the  earth  and  within  the  sea.  Climate  models  need  to  be 
properly  initialized  by  global  ocean  observations,  and  such  observations  need  to  be  continuously 
assimilated  to  keep  the  predictions  from  running  off  track.  For  example,  comparing  the  predicted 
seasonal  change  in  upper  ocean  heat  content  with  the  closely  related  sea-level  changes  provided 
by  the  Topex-Poseidon  satellite  altimetry  measurements  reveals  “unacceptable  discrepancies.” 
(NRL,  1994).  A  more  detailed  discussion  of  the  climate  models  themselves  is  presented  in  the 
Introduction  and  Section  2.2.7. 

Appropriate  ocean  measurements  are  an  essential  part  of  any  climate  prediction.  “Global 
atmospheric  climate  changes  caimot  be  predicted  without  understanding  global  ocean  processes. 
Yet,  to  date,  there  are  no  large-scale  observations  of  ocean  temperature  to  compare  with  and 
verify  the  predictions  of  existing  models.”  (Section  1.1.1). 
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ISSUE  3:  ROLE  OF  ACOUSTIC  THERMOMETRY  IN  ADDRESSING  GLOBAL 

WARMING 

d.  DOES  ACOUSTIC  THERMOMETRY  PROVE)£_USEFUL  CLIMATE  SIGNALS  fTOO 
DEEP.  TOO  LATE^? 

Comment:  The  effect  of  greenhouse  warming  will  take  thousands  of  years  to  reach  the  depth 

of  the  sound  channel,  and  the  information  will  be  too  late  to  be  useful.  The  ATOC  data  are 
limited  to  the  deep  sound  channel,  where  there  is  a  several  year  delay  in  responding  to  changes  in 
surface  temperature.  ATOC  will  require  decades  (perhaps  100  yrs)  to  arrive  at  meaningful 
results,  if  it  works  at  all.  In  what  ways  will  results  of  ATOC  provide  important  information  for 
studying  global  climate  questions? 

Response:  Many  commenters  have  suggested  that  ATOC  is  not  useful  since  it  will 

take  too  long  for  the  climate  signal  to  penetrate  to  the  depth  of  the  acoustic  source  (about  1  km). 

It  has  been  stated  that  it  would  take  10,000  yrs  to  be  observable.  There  are  two  misconceptions 
underlying  this  assertion:  1)  The  above  number  is  the  characteristic  time  for  the  warming  of  the 
oceans  by  molecular  diffusion  but,  in  fact,  heat  is  carried  downward  by  convective  processes,  as 
shown  by  the  penetration  of  CFC's  to  1.5  km  depth  in  only  ten  years.  2)  Acoustic  energy  in  the 
sound  channel  propagates,  not  along  straight  lines,  but  along  rays  which  oscillate  between  the 
shallow  and  deep  ocean.  This  acoustic  method  is  sensitive  to  changes  throughout  the  water 
column,  not  just  at  the  source  depth.  This  extensive  vertical  sampling  is  the  basis  of  ocean 
acoustic  tomography  (a  method  of  using  a  network  of  sources  and  receivers  to  produce  a  3D 
image  of  the  thermal  structure  of  the  volume  of  the  ocean  within  the  networks)  and  has  been 
demonstrated  in  many  experiments  over  the  last  15  yrs. 

Comment:  A  change  in  the  depth  of  the  soimd  channel  associated  with  greenhouse  warming, 

and  the  resulting  alteration  of  ray  paths,  would  cause  changes  in  travel  time  that  could  be 
misinterpreted  as  changes  in  ocean  temperature. 

Response:  The  depth  of  the  sound  channel  axis  does  not  remain  constant  over  time, 

but  shifts  (at  least  tens  of  meters)  upward  and  downward  with  the  movement  of  major  water 
masses  throughout  the  oceans.  In  the  higher  latitudes,  where  the  sound  channel  is  close  to  the 
surface,  storm  activity  can  cause  the  axis  depth  to  move  vertically  in  the  water  column.  It  has 
been  demonstrated  in  ocean  acoustic  tomography  on  a  1000  km  scale  that  the  effects  on  acoustic 
travel  time  due  to  alteration  of  ray  paths  are  much  smaller  than  those  associated  with  changes  in 
temperature. 

Comment:  Changes  in  acoustic  travel  time  may  be  more  related  to  earth  movements  than 

changes  in  ocean  temperature. 

Response:  For  a  typical  5000  km  path,  plate  tectonics  predicts  changes  on  the  order 

of  10  cm  in  10  yrs,  associated  with  a  change  in  travel  time  of  lO”*  sec.  During  such  an  interval, 
the  expected  change  in  temperature  is  on  the  order  of  0.1  °C,  producing  a  change  in  travel  time  on 
the  order  of  1  sec.  Therefore,  changes  in  acoustic  travel  time  due  to  earth  movements  will  not 
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changes  in  acoustic  travel  time  due  to  global  warming,  and  corrections  can  easily  be  made 
to  account  for  the  effect  of  earth  movements. 
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ISSUE  3:  ROLE  OF  ACOUSTIC  THERMOMETRY  IN  ADDRESSING  GLOBAL 

WARMING 

e.  ALTERNATIVE  METHODS.  SUCH  AS  POINT  MEASUREMENTS.  SATELLITES 

Comment:  Why  not  rely  on  alternate  traditional  methods  which  do  not  have  the  potential  for 

interfering  with  marine  life?  Further,  NASA  and  NOAA  satellites  have  already  proven  changes 
in  ocean  temperature. 

Response:  The  key  problem  with  traditional  point  measurements  has  been  noted  in 

numerous  scientific  publications  over  the  years  (e.g.,  Munk  and  Wunsch,  1982;  Baggeroer  and 
Munk,  1989;  Worcester  et  al.,  1991)  and  was  summarized  in  the  EIS/EIR  (Section  1.1.5): 
“...measurements  at  each  point  are  contaminated  by  small-scale  ocean  variability,”  and  “...by 
acoustically  measuring  average  temperatures  across  distances  extending  to  5000  km  or  more, 
over  extended  time  periods,  short-term  regional  and  mesoscale  \  ariatio'ns  are  averaged  out,  and 
the  predicted  global  climate  warming  signal  can  be  detectable.” 

Infrared  measurements  from  satellites  would  be  the  best  way  of  measuring  temperature 
changes  in  the  surface  layers.  Unfortunately  these  measurements  are  badly  contaminated  due  to 
absorption  by  water  vapor,  and  are  masked  by  backscatter  from  clouds.  The  present  precision  of 
about  1°  C  is  inadequate  for  any  observation  of  global  change  in  a  practical  time  firame.  Further, 
ocean  measurements  need  to  include  the  interior  ocean  which  is  not  accessible  to  radiative 
measurements  from  above.  (What  evidence  there  is  indicates  that  the  greenhouse  effects  have 
already  penetrated  beyond  a  depth  of  1  km). 

On  the  other  hand,  satellite  altimetry  observations  have  established  an  astounding 
precision  of  about  2.5  cm  in  the  vertical  for  measuring  the  global  sea  level.  This  has  already 
proven  useful  in  measuring  ambient  variability,  and  will  ultimately  be  useful  in  measuring 
greenhouse  effects.  The  ATOC  proposal  complements  a  parallel  observational  program,  satellite 
altimetry,  for  estimating  the  heat  content  of  the  upper  ocean,  by  using  acoustic  thermometry  to 
measure  the  interior  ocean. 
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ISSUE  3:  ROLE  OF  ACOUSTIC  THERMOMETRY  IN  ADDRESSING  GLOBAL 

WARMING 

f.  PROBABILITY  OF  SUCCESS 


Comment:  ATOC  scientists  admit  that  they  are  not  certain  that  acoustic  thermometry  will 

work.  They  should  not  be  permitted  to  proceed  until  the  method  has  been  established.  Since 
ATOC  will  lead  to  global  networks  functioning  for  many  years,  the  EIS  should  be  directed  at 
such  long-term  global  networks. 

Response:  Many  comments  have  been  directed  at  this  issue.  The  ATOC  project 

addressed  in  the  EIS/EIR  was  originally  proposed  as  a  2  year  experiment  and,  as  with  most 
scientific  research,  the  outcome  is  somewhat  uncertain.  Two  issues  are  involved,  which  are 
discussed  below: 

First,  the  principal  investigators  have  developed  acoustic  thermometry  (under  the  name 
ocean  acoustic  tomography)  for  the  last  fifteen  years,  and  have  established  its  validity  to  ranges 
of  1000  km.  Some  sparse  measurements  were  carried  out  to  3000  km.  There  have  been  over  20 
experiments  world-wide.  The  fact  that  it  is  possible,  by  suitable  signal  analysis  (similar  to  that 
used  with  deep  space  probes),  to  detect  digitally  coded,  low  frequency  transmissions  to  18,000 
km  (almost  half  way  around  the  earth)  was  established  in  1991  in  the  Heard  Island  Feasibility 
Test.  Therefore,  the  ATOC  project  is  based  on  solid  scientific  data.  What  is  new  is  the  attempt 
to  apply  the  techniques  to  ocean  climate  scales,  presumably  5000  to  10,000  km.  We  do  not  now 
know,  nor  will  we  know  until  ATOC  measurements  are  carried  out,  what  the  geographical  limits 
are. 


Second,  until  these  results  are  known,  it  is  futile  to  speculate  on  possible  future 
extensions  of  such  work.  It  should  be  noted  that  the  usefulness  of  ATOC  as  a  contributor 
towards  credible  predictions  of  global  climate  change  does  not  necessarily  demand  a  global 
ATOC-like  network.  The  testing  of  climate  models  in  a  few  (2-4)  key  ocean  regions  (e.g..  North 
Pacific,  Atlantic,  Indian,  Arctic  Oceans)  might  suffice  to  advance  our  understanding  so  that  these 
models  can  be  used  globally. 
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ISSUE  4:  ALTERNATE  SITE 

a.  RATIONALE  FOR  ACOUSTIC  SOURCE  INSTALLATION  IN  MRNMS 

Comment:  There  were  12  specific  comments  referring  to  the  rationale  for  installing  the 

ATOC  source  in  Kauai  waters. 

Response:  None  of  the  proposed  facilities  or  activities  would  be  located  inside  the 

Humpback  Whale  National  Marine  Sanctuary  off  the  north  shore  of  Kauai.  In  1992,  Congress 
designated  the  Hawaiian  Islands  Humpback  Whale  National  Marine  Sanctuary  as  a  part  of  the 
Oceans  Act  of  1992  (P.L.  102-587).  The  Sanctuary  boundary  was  defined  as  including  the 
waters  fi-om  the  high  water  mark  to  the  100  fath  (200  m)  isobar  arotmd  the  islands  of  Maui, 

Lanai,  and  Molokai;  Penguin  Bank,  the  Pailolo  Channel  and  a  small  area  off  Kilauea  Point, 
Kauai.  The  waters  within  3  m  (5.6  km)  of  Kahoolawe  were  not  initially  included,  but  would  be 
considered  for  inclusion  at  a  later  date.  Congress  allowed  the  boundaries  to  be  modified  to  fulfill 
the  purpose  of  the  Act. 

The  Sanctuary  is  preparing  a  draft  environmental  impact  statement/  management  plan, 
that  will  detail  a  modified  preferred  bovmdary  alternative  which  would  expand  the  boundaries  of 
the  sanctuary  to  include  a  larger  area  along  the  northern  and  eastern  shore  of  Kauai  fi-om  the 
shoreline  to  the  100  fath  (200  m)  isobar.  The  zone  of  greatest  potential  impact  associated  with 
the  Kauai  ATOC  project  does  not  project  into  either  the  designated  or  proposed  modified 
boundaries  of  the  Hawaiian  Sanctuary.  It  should  also  be  noted  that  for  all  but  two  months  of  the 
two-year  project,  there  would  be  no  sound  transmissions  98%  of  the  time  (i.e.,  2%  duty  cycle). 
See  Sections  1.1.6,  2.2.1,  2.2.3, 4.2, 4.3,  5.4  and  5.5  for  additional  discussion  on  this  topic. 

Humpback  whales  (some  with  calves)  have  been  reported  off  Johnston  Island  (Ludwig, 
1982;  U.S.  Army  Corps  of  Engineers,  1983a),  as  well  as  pilot  whales  and  Cuvier’s  beaked 
whales  (Lobel,  pers.  comm.,  1995;  Nitta,  pers.  Comm.,  1995).  However  Johnston  is  not  known 
as  a  major  breeding  or  feeding  area  for  any  listed,  proposed,  or  candidate  endangered  or 
threatened  species  of  mammals  (U.S.  Department  of  Interior,  1990). 
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ISSUE  4:  ALTERNATE  SITE 

b.  CONSIDERATION  OF  CONDUCTING  MMRP  IN  AREA  RICH  WITH  MARINE 
MAMMALS.  BUT  INSTALLING  SOURCE  IN  AREA  DEVOID  OF  MARINE  MAMMALS 


Comment:  There  were  14  specific  comments  referring  to  the  possibility  of  carrying  out  a 

MMRP  in  an  area  with  large  populations  of  marine  mammals,  but  installing  the  ATOC  source  in 
an  area  devoid  of  marine  mammals. 

Response:  If  the  MMRP  and  ATOC  were  carried  out  in  different  locations,  the 

ATOC  sound  source  could  not  be  used  for  the  MMRP  observations.  The  MMRP  would  have  to 
use  a  different  sound  source  with  different  characteristics.  One  of  the  major  benefits  of  using  a 
stable,  calibrated,  controlled,  monitored  low  frequency  source  for  carrying  out  scientific  research 
into  the  potential  effects  of  low  frequency  sound  on  marine  mammals  is  that  replication  of  the 
signal  characteristics  is  straightforward.  Attempts  to  correlate  data  collected  in  the  upper  water 
column  using  a  portable  acoustic  source  (most  likely  with  different  transmission  characteristics, 
including  a  lower  source  level)  with  a  deep,  bottom-mounted  source  could  lead  to  extrapolation 
difficulties  that  could  render  the  data  unrelatable.  What  a  portable,  relatively  low-powered  low 
frequency  source  can  accomplish  is  to  establish  some  baseline  measurements  into  the  potential 
for  causing  behavioral  effects  on  marine  animals.  For  example,  by  employing  a  source  (off  a 
vessel)  with  a  frequency  bandwidth  in  the  range  of  approximately  75-85  Hz,  with  a  source  level 
of  about  175  dB,  it  could  be  verified  whether  or  not  there  was  any  behavioral  reaction  to  the  low 
frequency  sound  presented  in  that  manner.  Although  this  would  have  provided  data  relevant  to 
present  discussions  about  ATOC  effects,  additional  interpretation  would  be  needed  before 
applying  that  data  to  what  might  specifically  be  expected  from  the  ATOC  source.  See  responses 
to  Issue  6  comments  for  further  discussion  of  the  use  of  boat-based  acoustic  playback 
experiments,  and  the  use  of  noise  from  vessels  to  assess  the  potential  impact  of  low  frequency 
sound  on  marine  mammals. 

If  the  source  site  were  to  be  moved  to  a  location  other  than  Kauai  that  could  have  the 
necessary  physical  attributes  for  conducting  acoustic  thermometry  measurements  (e.g.,  Johnson 
Atoll),  the  goal  of  conducting  the  research  in  an  area  devoid  of  marine  manunals  would  still  be 
unattainable.  Conducting  acoustic  thermometry  research  in  an  area  relatively  devoid  of  marine 
mammals  might  be  possible  through  the  utilization  of  autonomous  sources  at  mid-ocean  sites, 
which  are  not  technologically  feasible  now,  or  in  the  immediate  future  (see  response  to  Issue  5.d 
comment  below). 
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ISSUE  4:  ALTERNATE  SITE 

c.  ADDITIONAL  ALTERNATE  SITES 


Comment:  The  discussion  of  alternatives  in  the  DEIS  fails  to  live  up  to  NEPA  standards. 

Response:  Reasonable  bounds  were  required  in  selecting  site  alternatives.  This  led  to 

the  development  of  a  set  of  siting  criteria  found  in  Section  2.2.3  of  the  EIS.  Many  of  the  siting 
criteria  directly  serve  an  environmental  purpose  and  effectively  offset  potential  adverse  effects, 
and  are  thereby  considered  mitigation  measures.  Accordingly  the  project  undertook  a 
comprehensive  review  of  all  feasible  acoustic  sites  and  rated  them  using  an  aggregated 
combination  of  established  criteria.  No  sites  that  could  meet  project  objectives  and  that  could 
reduce  impacts  were  ignored. 

Two  sets  of  siting  criteria  were  developed;  one  to  achieve  the  ATOC  project  objectives 
and  one  to  achieve  objectives  of  the  Marine  Mammal  Research  Program.  Certain  locations  were 
found  to  be  strong  in  only  one  or  two  criteria  (e.g.,  bathymetr}^/bottom  topography,  proximity  of 
Navy  equipment,  as  in  the  case  of  Barking  Sands,  etc.),  while  others  had  insufficient  populations 
of  marine  mammals  on  which  to  base  sound  and  robust  marine  mammal  research.  The  latter  case 
reflects  the  situation  with  respect  to  the  site  (Jasper  Seamount)  selected  for  the  November,  1994, 
system  Acoustic  Engineering  Test.  That  site  was  specifically  chosen  for  its  sparse  population  of 
marine  mammals,  as  the  test  did  not  include  any  marine  mammal  study.  Based  on  an 
Environmental  Assessment  prepared  by  ARPA  and  UCSD,  it  was  determined  that  there  would  be 
minimal,  if  any,  effects  from  the  HX-554  sound  source  on  marine  animals  (including  endangered 
species)  in  the  vicinity  of  the  AET.  It  was  determined  that  the  mitigation  measures  (total  of  six) 
employed  during  the  AET  reduced  the  potential  impacts  to  a  negligible  level.  FiirAer,  based  on 
this  EA,  no  taking  (harassment)  of  marine  mammals  or  sea  turtles  was  anticipated.  However, 
this  site  is  deemed  inappropriate  for  a  combined  ATOC/MMRP  project.  It  may,  however,  be  an 
appropriate  site  for  a  future  sound  source. 

As  a  result  of  the  site  screening  process,  the  project  initially  deemed  four  locations 
sufficiently  promising  for  further  consideration.  A  detailed,  comparative  evaluation  of  all  four 
sites  is  presented  in  Section  2  of  the  EIS. 

Comment:  A  seamount  would  not  have  a  360°  \'iew,  so  it  is  ruled  out,  but  neither  of  the 

source  sites  have  more  than  a  1 80°  view. 

Response:  Pioneer  Seamount  has  been  proposed  for  the  California  source  site,  and 

would  have  a  view  of  approximately  145°.  The  Kauai  proposed  action  site  would  offer  a  view 
of  approximately  190°. 
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ISSUE  5:  ALTERNATIVE  METHODS 

a.  CONSIDERATION  OF  ALTERNATIVE  METHODS  AS  SUPERIOR  TO  ACOUSTIC 
■THERMOMETRY  (INCLUDING  NO  ACTION  ALTERNATIVES 


Comment:  There  are  many  existing  climate  change  technologies  (e.g.,  paleoclimate  modeling 

intercomparision,  satellite  studies). 

Response:  The  EIS  prepares  t^ee,  and  the  proposed  acoustic  thermometry  technique 
would  employ  or,  use  for  supplementary  data  collection,  all  pertinent  and  available  technologies 
to  optimize  the  research  procedures  procedures  presented  in  this  EIS.  See  response  to  Issues  3.c 
and  3.e  above,  and  Sections  2.2.7  through  2.2.12  for  further  discussion  on  this  topic. 

Comment:  The  DEIS  provides  an  inadequate  discussion  of  the  “no  action”  alternative. 

Response:  The  following  comprises  an  expansion  on  the  discussion  of  the  no  action 

alternative  found  in  Section  2.2.2.  The  Strategic  Environmental  Research  and  Development 
Program  (SERDP)  is  mandated  by  Public  Law  101*510  (40  U.S.C.  §§2901-2904)  to  support 
environmental  quality  research,  development,  demonstration  and  applications  programs.  See 
response  to  Issue  1  above  for  amplifying  information  regarding  the  implementation  of  this 
program.  The  no-action  alternative  would  preclude  the  identification  and  development  of 
technologies  to  meet  environmental  commitments,  specifically  within  the  Global  Environmental 
Change  (GEC)  Thrust  Area  of  SERDP,  whose  objective  is  to  focus  on  research  which  includes 
acquisition/organization  of  data  and  research  results  that  quantify  the  total  environment  at  global 
and  regional  scales.  Therefore,  the  no-action  alternative  would  not  fulfill  the  SERDP  GEC  goals 
of:  1)  addressing  environmental  matters  of  concern  to  DoD  and  DoE  through  support  for  basic 
and  applied  research  and  development  of  technologies  that  can  enhance  the  capabilities  of  the 
departments  to  meet  their  environmental  obligations,  and  2)  identification  of  research 
technologies  and  other  information  developed  by  DoD  and  DoE  for  national  defense  purposes 
that  would  be  useful  to  governmental  and  private  organizations  involved  in  the  development  of 
energy  technologies  to  address  environmental  concerns  and  to  share  such  research,  technologies 
and  other  information  with  such  government  and  private  organizations.  In  addition,  an 
important  opportunity  for  addressing  the  validated  need  for  research  on  the  potential  impact  of 
low  frequency  sound  on  marine  mammals,  as  articulated  by  the  national  Research  council’s 
Ocean  Studies  Board  in  1994,  and  others,  would  be  lost. 

Comment:  The  alternatives  analysis  is  subjective  and  unsupported  by  data  or  evidence  in  the 

record;  and  is  biased  toward  the  preferred  alternative. 

Response:  The  EIS  prepares  believe  that  twelve  alternatives,  including  four  alternate 

sits,  is  a  sufficient  number  of  options,  and  information,  on  which  to  base  a  reliable,  quantitative 
analysis  for  determining  the  best  possible  alternative.  All  available  data  and  scientific  evidence 
that  is  pertinent  to  either  the  acoustic  thermometry  measurements  proposed  or  the  MMRP  have 
been  reviewed  and,  in  all  possible  cases,  applied  to  the  technical  and  environmental  analyses  that 
went  into  elimination  of  alternatives  in  order  to  derive  a  preferred  alternative. 
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Comment:  Instead  of  directly  measuring  temperature  change  in  the  ocean,  why  not  measure 

rainfall  on  land  as  an  indicator  of  ocean  climate  change? 

Response:  •  The  primary  indicator  of  global  climate  change  in  the  ocean  will  be 

temperature,  just  as  it  is  in  the  atmosphere.  Rainfall  is  an  indirect  measure  of  climate  change, 
and  it  depends  on  local  and  regional  vertical  convection,  condensation  nuclei,  altitude  and  other 
factors,  not  simply  water  vapor  pressure  and  temperature.  Even  if  rainfall  were  a  reliable 
indicator  of  climate  change,  there  remains  the  difficulty  of  obtaining  rainfall  measurements  over 
the  ocean.  Land-based  rain  gauges  cover  a  small  fraction  of  the  earth's  surface,  and  despite  many 
efforts  over  the  past  50  yrs  to  develop  a  reliable  ocean  rain  gauge,  only  a  few  research  prototypes 
exist.  Commercially  available,  reliable,  autonomous  ocean  rain  gauges  are  still  in  the 
development  phase. 

Comment:  Why  not  use  a  moored  autonomous  sound  source  to  broaden  the  range  of  choice 

of  possible  source  sites? 

Response:  The  technical  and  engineering  capabilities  required  to  moor  an 

autonomous  low  frequency  sound  source  in  the  deep  ocean  do  not  currently  exist.  Higher 
frequency,  smaller  sources  have  been  successfully  moored  in  ocean  acoustic  tomography 
experiments,  but  placing  a  large,  low  frequency  acoustic  thermometry  source,  four  times  heavier, 
in  mid-water,  has  not  yet  been  achieved.  Current  battery  technology  would  power  an  autonomous 
source  for  about  a  year  at  the  2%  duty  cycle  proposed  for  the  MMRP. 

The  need  to  replace  batteries  means  that  remote  locations  are  impractical.  This  constraint 
outweighs  any  perceived  advantage  in  locating  a  source  in  a  remote  area  believed  to  contain  few 
marine  mammals.  See  response  to  Issue  5.d  below  for  additional  discussion  on  this  topic. 
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ISSUE  5  ALTERNATIVE  METHODS 
c.  RESTRICTED  SOURCE  TRANSMISSION  TIMES 


Comment:  There  is  no  evaluation  of  the  possible  advantages  of  terminating  all  sound 
emissions  upon  detection  (visually  or  acoustically)  of  suspected  sensitive  animals,  specifically 
the  humpback  whale  and  leatherback  sea  turtle.  An  additional  mitigation  to  be  considered  might 
be  for  the  8%  duty  cycle  to  be  scheduled  during  the  summer  months  when  whales  are  not  in  the 
vicinity  of  the  Hawaiian  Islands. 

Response:  The  duty  cycle  for  ATOC  transmissions  has  been  reduced  fi-om  8%  to  2% 

for  all  but  approximately  2  months  of  the  experiment.  At  2%,  a  full  duty  cycle  would  be  96  hrs 
long,  consisting  of  one  20  min  transmission  every  four  hours  for  a  day  (24  hr  period),  then  three 
days  of  silence. 

As  noted  in  Section  1.2.2.  of  the  EIS,  one  of  the  objectives  of  the  ATOC  project  is  to 
determine  the  minimum  duty  cycle  necessary  for  valid  climate  data,  including  the  optimum 
characteristics  of  the  acoustic  signal.  All  acoustic  parameters  are  subject  to  review  for  downward 
revision  throughout  the  course  of  the  experiment.  Technical  features  have  been  incorporated  into 
source  operational  control  systems  to  make  any  needed  changes,  and  source  characteristics 
(intensity,  duration,  duty  cycle)  would  be  reduced  to  absolute  minimums  based  on  the  results  of 
the  MMRP  Pilot  Study  and  early  ATOC  feasibility  operations. 

Section  1.2.1  cites  as  an  objective  of  the  MMRP  to  "detect  and  evaluate  potential  effects 
of  ATOC  sound  transmissions  on  marine  animals,  particularly  marine  mammals  and  sea  turtles." 
The  transmission  of  sound  is  essential  to  achieving  this  objective.  Faced  with  conflicting  or 
unpredictable  seasonality  of  key  species  (e.g.,  leatherback  sea  turtles,  sperm  whales)  there  is  no 
scientific  basis  for  restricting  further  the  source  duty  cycle,  and  seasonal  shut-downs  or 
termination  upon  visual  or  acoustic  detection  would  work  against  this  goal. 

The  ultimate  value  of  the  MMRP  depends  upon  the  ability  to  study  animals  before, 
during  and  after  they  have  been  exposed  to  the  acoustic  transmissions  of  the  ATOC  source.  The 
ability  to  study  effects  of  low  frequency  sound  on  marine  animals  must  be  balanced  against 
experimental  objectives;  i.e.,  balancing  the  goal  to  study  effects  of  low  frequency  sound  on 
marine  animals  with  available  equipment  for  observations,  costs,  weather  factors,  persoimel,  etc. 
A  regularized  operational  cycle  is  economically  sound  and  optimizes  chances  of  gaining 
meaningful  data  irrespective  of  seasonal  variations  in  animal  species  composition  and 
abundance. 

Sampling  the  ocean's  temperature  must  be  performed  throughout  the  year  to  avoid 
introducing  a  seasonal  bias  into  the  results  (i.e.,  summer  temperature  greater  than  winter).  A 
low,  steady  duty  cycle  throughout  the  year  is  statistically  and  scientifically  preferable  to  a 
sporadic  duty  cycle.  The  MMRP  require  sufficient  observations  of  marine  mammal  behavior 
during  ATOC  transmissions  as  well  as  at  times  of  no  transmissions,  to  quantify  the  effects,  if 
any,  of  the  low  frequency  sounds  on  marine  mammals. 
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At  some  stage  during  the  first  year  of  operations,  transmissions  must  be  conducted  every 
day,  for  two  months  (8%  duty  cycle),  rather  than  every  fourth  day  (2%)  This  period  vrill  be 
deliberately  chosen  to  coincide  with  the  occurrence  of  the  smallest  number  of  marine  mammals. 
This  brief  series  of  transmissions  will  enable  tidal  corrections  to  be  made  to  all  subsequent 
acoustic  travel  times. 

Comment:  ATOC  transmissions  should  occur  when  good  low  firequency  hearing  animals  are 

present,  so  that  the  MMRP  can  maximize  its  number  of  observations,  including  any  possible 
behavioral  reactions. 

Response:  Comment  noted;  the  preparers  agree. 
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ISSUE  5:  ALTERNATIVE  METHODS 

d.  MOORED  AUTONOMOUS  SOURCE  POTENTIAL  IMPACT  ON  SPERM  AND  BEAKED 

MiALES 


Comment:  Placing  the  source  in  deeper  areas  far  offshore  is  likely  to  be  less  hamiful  to 

marine  life  (e.g.,  a  moored  autonomous  source).  Evaluation  of  potential  impacts  and  the 
development  of  technology  would  provide  more  siting  flexibility  for  ATOC  feasibility  studies 
(e.g.,  moored  autonomous  sources). 

Response:  There  may  be  regions  of  the  ocean  that  are  relatively  devoid  of  marine  life, 

that  would  also  have  the  physical  characteristics  necessary  to  conduct  viable  acoustic 
thermometry  (see  criteria  in  Section  2.2.3).  Because  of  the  inherent  technical  and  engineering 
problems  that  have  yet  to  be  resolved  for  deployment  and  operation  of  remote,  deep  ocean 
autonomous  sources  (see  Section  2.2.4. 1),  site  selection  for  acoustic  thermometry  sources  would 
necessarily  be  limited  in  the  near-term  by  the  need  for  frequent  servicing,  and  might  not  include 
those  remote  oceanic  regions  that  exhibit  low  densities  of  life.  Nevertheless,  because  of  its 
potential  future  applicability,  the  moored  autonomous  source  alternative  (Alternative  4)  is  carried 
forward  in  the  EIS  for  further  analysis  and  is  included  in  the  summary  of  consequences  of 
alternatives. 
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ISSUE  6:  MMRP  RESEARCH  PROTOCOL 

a.  POTENTIAL  FOR  DETECTING  HARM  TO  MARINE  MAMMAT.S 


Comment:  If  any  methods  are  employed  to  evaluate  marine  mammal  noise  tolerance  levels, 

these  must  pose  no  risk  of  harm  to  these  animals.  The  document  fails  to  identify  and  adequately 
address  concerns  regarding  the  effectiveness  and  prudence  of  conducting  such  a  complex  and 
highly  speculative  scientific  research  project,  especially  given  its  potential  impact  on  an  area 
designated  as  one  of  the  most  protected  and  sacred  marine  resources  in  the  v^^orld—the  proposed 
Humpback  Whale  National  Marine  Sanctuary. 

Response:  Shipboard,  aerial,  and  shore  station  observations  and  surveys  have 

documented  the  abxmdance  and  distribution  of  marine  animals  in  the  area.  If  a  significant  change 
in  this  pattern  occurs  during  sound  transmission,  the  MMRP  should  be  able  to  detect  it  (based  on 
a  statistical  pow'er  analysis  for  the  MMRP  protocol,  Appendix  C).  Further,  the  MMRP  would 
assess  any  potential  for  acute  or  short-term  effects  on  marine  animals  in  the  north  Kauai  area, 
particularly  humpback  whales  and  sea  turtles  (Appendix  C),  and  the  source  transmissions  would 
be  shut  down  at  the  first  indication  of  such  effects  (Table  C-1). 

Of  the  cetaceans,  it  is  primarily  mysticetes  that  are  believed  to  hear  well  in  the  low 
frequencies  that  will  be  produced  by  the  ATOC  source.  Of  those  animals,  none  are  believed  to 
dive  the  depths  (670  m)  to  within  178  m  of  the  source  where  the  sound  could  induce  a  temporary 
threshold  shift  in  hearing.  Sperm  whales  and  leatherback  sea  turtles  may  have  some  low 
frequency  capability  and  can  dive  >  670  m,  so  they  could  dive  to  within  the  150  dB  sound  field 
but  it  is  believed  that  such  occurrences  would  be  rare. 

See  response  to  Issue  4.a.  above  for  additional  discussion  regarding  the  fact  ftiat  the 
source  would  not  be  located  inside  the  Humpback  Whale  National  Marine  Sanctuary,  and  any 
sounds  generated  by  ATOC  that  might  reach  the  Sanctuary  would  be  <120  dB  received  level,  at  a 
2%  duty  cycle,  for  22  months  of  the  24-month  research  program. 
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ISSUE  6:  MMRP  RESEARCH  PROTOCOL 

b.  ADEQUATE  TIME  FOR  PILOT  STUDY 


Comment:  While  the  Pilot  Study  says  it  will  measure  short-term  behavioral  changes  and 

long-term  acute  changes,  the  only  effects  considered  ‘unacceptable’  are  long-term  effects 
(abandonment  of  high  use  areas,  increase  in  sick  and  dead  animals,  decrease  in  reproductive 
rates).  Since  there  is  no  way  to  determine  in  the  6-10  month  Pilot  Study  whether  &ese  long-term 
effects  are  taking  place,  there  is  a  high  probability  of  reaching  an  unsubstantiated  conclusion  of 
no  significant  impact  The  short  Pilot  Study  period  is  insufficient  to  establish  the  needed 
baseline  data  of  species  population  size  and  distribution,  habitat  use,  and  acoustic  sensitivities. 
The  types  of  observations  being  done  may  provide  some  indicators  of  direct,  short-term  physical 
responses  to  human-generated  sounds,  but  they  carmot  provide  answers  to  the  long-term  impacts 
and  indirect  effects.  In  the  face  of  this  vast  sea  of  uncertainty  nothing  in  the  DEIS  is  advanced  to 
indicate  how  a  6-month  MMRP  is  expected  to  fill  the  knowledge  gaps  so  that  criteria  for  the 
assessment  of  potential  impacts  can  be  developed  and  used  meaningfully  to  satisfy  the 
requirements  of  the  EIS. 

Response:  The  Pilot  Study  is  not  designed  to  determine  long-term  or  subtle  changes. 

It  is  designed  to  examine  acute  and  short-term  effects  (Table  C-1),  One  can  only  examine  long¬ 
term  effects  after  the  source  has  been  in  operation  for  a  long  period  of  time  (several  years). 

There  is  no  intention  for  the  MMRP  to  end  after  the  Pilot  Study.  The  Pilot  Study  is  designed  to 
establish  whether  animals  respond  to  the  operation  of  the  source.  The  question  of  sufficient 
baseline  data  must  account  for  the  fact  that  MMRP  research  would  continue  after  the  Pilot  Study, 
continuing  to  collect  baseline  data  of  species  population  size  and  distribution,  habitat  use,  and 
acoustic  sensitivities  (see  Appendix  C).  If,  after  the  Pilot  Study,  there  would  be  sufficient  results 
to  indicate  that  the  short-term  responses  of  animals  are  either  non-existent  or  of  minimal  concern, 
the  follow-on  MMRP  research  efforts  would  examine  potential  longer-term  effects  of  the  project. 
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ISSUE  6:  MMRP  RESEARCH  PROTOCOL 

c.  ADEQUATE  TIME  TO  ANALYZE  PILOT  STUDY  DATA 


Comment:  The  ATOC  schedule  has  only  allowed  one  month  to  analyze  the  MMRP  Pilot 

Study  data.  ATOC’s  own  independent  MMRP  Advisory  Board  has  stated  that  it  is  unrealistic  to 
expect  the  MMRP  to  complete  a  substantive  analysis  of  all  types  of  behavioral  reactions,  and  to 
prepare  a  comprehensive  report  suitable  for  external  review,  within  one  month  after  the  end  of 
data  collection;  and  that  site-specific,  in-the-field,  semi-empirical  modeling  capability  and  quick- 
look  analysis  will  be  needed  to  complete  and  report  on  some  of  the  main  analyses  within  the  one 
month  time  span.  To  ensure  that  decisions  to  proceed  with  the  ATOC  project  are  based  on  sound 
science,  not  solely  on  vested  interests  in  the  project,  review  of  Pilot  Study  and  monitoring 
program  data  must  be  made  by  a  technically  qualified  group  independent  of  the  project,  and  the 
independent  group’s  findings  must  be  released  for  public  scrutiny.  Continuation  of  the  project, 
and  any  modifications  to  the  MMRP,  must  be  contingent  on  the  group’s  findings. 

Response:  The  MMRP  Advisor}' Board  has  recommended  that:  1)  site-specific,  in- 

the-field,  semi-empirical  modeling  capabilit}'  and  quicklook  analysis  would  be  needed,  and  this 
is  plaimed;  and  2)  the  types  of  information  and  level  of  detail  that  would  be  required  to  be 
collected  during  the  MMRP  Pilot  Study  be  determined  in  advance.  The  types  of  information  and 
level  of  detail  planned  for  data  collection  efforts  during  the  Pilot  Study  are  discussed  in 
Appendix  C.  It  is  unrealistic  to  expect  the  MMRP  to  complete  a  substantive  analysis  of  all  types 
of  behavioral  reactions,  and  to  prepare  a  comprehensive  report  suitable  for  external  review  in  1  to 
2  months.  However,  should  any  marine  mammal  responses  falling  into  the  “shut-down  criteria” 
be  observed,  routine  ATOC  operations  would  not  begin  until  they  were  fully  identified  and 
evaluated. 

The  goal  of  the  MMRP’s  quicklook,  1-2  months  after  completion  of  the  Pilot  Study, 
would  be  to  identify  and  report  on  any  obser\-ed  acute  or  short-term  effects  seen  that  could  be 
directly  relatable  to  the  ATOC  source  transmissions.  Analysis  of  subtle  behavioral  responses,  not 
considered  to  warrant  shutdown  even  if  they  do  occur,  would  require  more  time  to  complete. 
Indeed,  a  major  objective  of  the  MMRP  is  to  identify  whether  these  subtle  effects  do  occur  and, 
if  so,  characterize  the  circumstances.  This  would  require  a  longer  observation  period  to  complete 
(several  years). 

Every  two  months  status  reports  of  results  of  ongoing  data  analyses  and  modeling  efforts 
would  be  distributed  throughout  the  Pilot  Smdy  to  technically  qualified  groups  independent  of 
the  project  [i.e.,  the  Marine  Mammal  Commission  (MMC),  NOAA’s  Sanctuaries  and  Reserves 
Division  (SRD)],  along  with  the  Marine  Mammal  Research  Program  Advisory  Board  (MMRP 
AB)  and  National  Marine  Fisheries  Service  (NMFS).  All  of  the  independent  groups’  findings, 
based  on  the  bi-monthly  reports  and  the  quick-look  after  the  Pilot  Study,  would  be  available  for 
public  release.  Continuation  of  the  project  would  be  contingent  on  the  Scientific  Research 
Permit  (SRP)  conditions  issued  by  NMFS  who,  after  the  Pilot  Study,  would  assess  all 
independent  groups’  findings  in  reaching  the  decision  whether  or  not  to  approve  continuation  of 
the  research,  including  commencement  of  the  ATOC  feasibility  transmission  schedule. 
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Comment:  ATOC  climate-related  transmissions  should  not  proceed  until  the  completion  of 

the  MMRP  Pilot  Study  final  report. 

Response:  If,  at  any  time,  during  the  conduct  of  the  6-10  month  MMRP  Pilot  Study, 

quicklook  data  reveal  any  adverse  effects  (acute  or  short-term  effects  [Table  C-1])  on  marine 
species  attributable  to  the  source  transmissions,  operations  would  be  suspended  pending  a  review 
of  the  MMRP  protocol,  and  decisions  would  be  made  as  to  whether  and,  if  so,  how,  the  study 
should  continue.  In  the  absence  of  identifiable  adverse  effects  on  any  marine  animals,  it  likely 
would  be  considered  appropriate  to  proceed  with  the  MMRP  under  the  climate-related 
transmission  schedule. 
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ISSUE  6;  MMRP  RESEARCH  PROTOCOL 

d.  MINIMIZED  EXPOSURE  TO  SUBSEA  SOUNDS 


Comment:  Increasing  the  efficiency  of  the  sound  transmissions  does  not  “reduce  the 

exposure  of  marine  animals  to  soimd.”  It  reduces  the  exposure  of  animals  to  more  intense  sound, 
but  as  the  sound  propagates  further,  a  greater  amount  of  ocean,  thus  life,  is  affected. 

Response:  By  increasing  the  efficiency  of  the  sound  transmissions,  it  is  possible  that 

a  lower  source  level  and/or  a  shorter  duty  cycle  could  be  used  for  the  climate-related 
transmissions.  These  factors  would  reduce  the  exposure  and  levels  of  exposure  of  marine 
animals  to  the  sound.  Required  source  levels  are  those  that  will  ensure  the  minimum  level 
reaches  the  receivers  so  that  the  digital  sequences  can  be  combined  and  stacked  for  processing. 
Based  on  the  processing  of  early  receptions,  the  minimum  required  source  level  could  be 
identified. 

Comment:  Instead  of  designing  a  research  program  to  specifically  study  the  effects  of  low 

frequency  sound  on  marine  resources,  Scripps  relegates  the  subject  to  an  incidental  and 
subsidiary  adjunct  to  the  ATOC  project.  There  is  a  fundamental  deficiency  in  all  the  proposed 
protocols  of  assessing  impact  on  marine  resources...all  the  observations  deal  only  with  marine 
mammals  on  the  surface  or  very  shallow  depth. 

Response:  The  MMRP  is  a  prerequisite  for,  and  an  integral  part  of,  conducting  any 

climate  study  transmissions.  Its  results  would  determine  whether  climate  study  transmissions 
would  continue.  The  MMRP  protocols  have  incorporated  a  number  of  scientific  methodologies 
to  include  research  and  observations  on  marine  animals  in  the  upper  levels  of  the  water  column, 
and  to  the  extent  feasible,  in  the  lower  levels,  in  proximity  to  the  source.  See  Appendix  C. 

Comment:  It  has  come  to  our  attention  that  it  was  reported  in  testimony  received  at  the 

January  hearing  in  California  that  marine  animals  have  already  been  harassed,  tagged,  and  moved 
on  behalf  of  ATOC,  even  though  this  project,  in  its  entirety,  has  yet  to  be  officially  approved.  It 
appears  that  ATOC  just  continues  to  lurch  forward  as  quickly  as  it  can  come  up  with  ways  to 
circumvent  the  intent  of  the  permitting  process.  This  pattern  disturbs  us  deeply.  When 
considering  the  impacts  of  human  activities  on  other  species,  it  is  the  belief  of  Animal  Rights 
Hawaii  that  we  have  an  ethical  obligation  to  err  on  the  side  of  conservatism. 

Response:  The  only  research  activities  that  have  been  undertaken  in  Hawaii  under  the 

aegis  of  the  MMRP  have  been  all  of  a  passive  nature:  standard  aerial  visual  surveys  and 
obser%-ations  (conducted  by  the  University  of  Hawaii  under  separate  NMFS  permit),  shore-based 
visual  surveys  (no  permit  required)  and  acoustic  data  collection  with  a  small  bottom-mounted 
HLA  (under  separate  DLNR  authorization).  California  activities  to  date  include  only  aerial  and 
small  boat  visual  surveys  conducted  by  Cascadia  Research  and  UCSC,  respectively,  under 
separate  NMFS  permits.  No  tagging  or  moving  of  animals  has  occurred  under  ATOC  funding, 
nor  were  any  such  activities  reported  in  testimony  received  at  the  California  DEIS/EIR  hearing. 
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ISSUE  6;  MMRP  RESEARCH  PROTOCOL 

e.  BOAT-BASED  ACOUSTIC  PLAYBACK  EXPER] 


Comment:  The  ATOC  sources  are  not  necessary  to  study  the  problem  of  low  frequency  noise 

in  the  ocean.  There  are  other  anthropogenic  sources,  or  (for  experimental  work)  special  mobile, 
low-powered  sources  could  be  used.  The  alternative  of  using  a  low-power  mobile  source  for  the 
MMRP  has  been  suggested  several  times  by  critics  of  ATOC,  and  recommended  by  members  of 
the  MMRP  AB.  This  would  be  much  more  efficient  and  less  potentially  damaging  to  the 
environment. 

Response:  The  recommendation  by  the  MMRP  AB  to  conduct  boat-based  playbacks 

has  been  adopted  for  sperm  whales  in  the  Atlantic  Ocean  (see  Appendix  C).  A  boat-based 
acoustic  playback  experiment  was  also  planned  for  offshore  of  the  north  coast  of  Kauai  prior  to 
the  conduct  of  any  .‘\TOC  transmissions  off  either  Hawaii  or  California.  However,  this  effort 
was  delayed  due  to  local  concerns.  Boat-based  acoustic  playbacks  are  now  included  in  both  the 
revised  Hawaii  and  California  MMRP  Research  Protocols  (see  Appendix  C).  Any  other  playback 
experiments  associated  with  the  ATOC  project  would  necessarily  have  to  be  authorized  and 
approved  via  the  appropriate  federal  and  state  permits.  See  response  to  Issue  4.b  also. 

Comment:  Conduct  the  playback  experiment  in  Hawaii  before  proceeding  with  the  California 

ATOC  source.  The  situation  in  Hawaii  provides  for  a  better  controlled  experiment  with  shore 
observations  and  baseline  data  on  humpbacks.  Adverse  effects  would  be  easier  to  determine 
there;  if  none  are  noted,  then  begin  the  California  ATOC  experiment. 

Response:  Playback  experiments  are  planned  for  both  Hawaiian  and  California 

waters;  however,  the  schedules  will  be  dictated  by  the  timing  of  the  permitting  process  and 
availability  of  indicator  species.  See  also  response  to  comment  above  relative  to  conducting  a 
playback  experiment  in  Hawaii. 
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ISSUE  6:  MMRP  RESEARCH  PROTOCOL 

f.  USE  OF  NOISE  FROM  VESSEI^S  TO  ASSESS  IMPACT  OF  T.OW  FREQUENCY  SOUNE 
ON  MARINE  MAMMALS 

Comment:  No  new  source  of  noise  is  required  to  study  marine  mammals’  response  to  low 

frequency  sound.  There  are  plenty  of  already-existing  sources  of  noise  that  could  be  used  for  a 
much  more  rigorous  study  than  ATOC  proposes. 

Response:  The  1 994  National  Research  Council  report,  Low-Frequency  Sound  and 

Marine  Mammals;  Current  Knowledge  and  Research  Needs,  states  “There  is  need  for  planned 
experiments  in  which  the  received  level  of  the  sound  and  the  behavior  of  the  animal  can  be 
studied  together.  Such  investigations  would  probably  be  logistically  complex  and  would  require 
scientific  permits. ..It  is  the  belief  of  this  committee  that  an  accelerated  program  of  scientific 
studies  of  the  acoustic  effects  of  low  frequency  sound  on  marine  mammals  and  their  prey 
(including  the  studies  described  in  Chapter  3)  should  be  undertaken.  These  studies  should  be 
designed  to  provide  the  information  needed  to  direct  policies  that  will  provide  long-term 
protection  to  the  species.” 

The  use  of  existing  shipping  noise  in  the  ocean  to  conduct  studies  of  the  potential  impact 
of  LFS  on  marine  mammals  is  beyond  the  scope  of  the  MMRP’s  charter  and  would  be 
prohibitively  expensive  to  include  in  the  MMRP  Research  Protocol.  The  ship  source 
characteristics  (frequency,  bandwidth,  waveform,  duty  cycle,  source  levels)  must  be  known 
during  complex,  calibrated  studies  to  verify  the  experimental  parameters  that  would  permit  the 
measurements  needed  to  provide  statistically  meaningful  results  on  which  to  base  test  findings 
that  would  be  defendable  to  scientific  peer  review. 

The  proposed  MMRP  will  collect  ambient  noise  data  using  the  passive  bottom-mounted 
HLA.  This  would  occur  during  time  periods  before  Pilot  Study  signals  commenced,  and  before 
and  after  each  transmission  period.  MMRP  Research  Team  members  would  attempt  to  correlate 
received  levels  between  ATOC  transmissions  with  known  natural  and  human-produced  sources 
(storms,  ships,  aircraft)  in  their  efforts  to  ascertain  some  of  the  potential  effects  of  non-ATOC 
sounds  on  marine  species.  This  methodology  is  included  in  the  MMRP  Research  Protocol 
(Appendix  C). 
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ISSUE  6:  MMRP  RESEARCH  PROTOCOL 

g.  SOURCE  TERMINATION  CRITERIA 


Comment:  Better  defined,  objective  thresholds  for  adverse  impacts  that  would  result  in 

termination  of  ATOC  signals  must  be  in  place,  and  environmentalists  and  citizens-at-large  must 
play  an  important  role  in  defining  and  implementing  those  thresholds  before  ATOC  is  allowed  to 
proceed  further.  Criteria  that  clearly  define  the  kinds  and  levels  of  adverse  impacts  that  would 
result  in  a  cessation  of  ATOC  signals  are  critical.  In  addition,  the  criteria  should  be  flexible 
enough  to  allow  for  appropriate  action  should  unexpected  impacts  be  observed.  The  DEIS 
should  specify  that  the  criteria  used  to  determine  significant  effects  found  in  the  Pilot  Study  must 
be  approved  by  NOAA  and  must  be  linked  to  specific  actions  regarding  further  project 
operations. 

Response:  The  shut-down  guidelines  defined  in  the  MMRP  Research  Protocol, 

Appendix  C,  reflect  discussions  with  federal  and  state  organizations  (KOAA/NMFS,  MMC, 
NMML,  NOAA  Sanctuaries  and  Reserves  Division,  etc.)  and  the  MMRP  Advisory  Board. 

These  termination  criteria  would  be  required  under  a  Scientific  Research  Permit,  would  be 
reviewed  by  the  Kauai  CAG  prior  to  commencement  of  transmissions,  and  could  be  implemented 
by  the  marine  mammal  biologists  conducting  the  MMRP,  with  oversight  by  NMFS.  Every  two 
months  Pilot  Study  status  reports  would  be  a  matter  of  public  record  and  made  available  to  all 
interested  individuals/agencies  upon  request.  The  criteria  for  shut-down  have  been  formulated  to 
be  as  flexible  as  possible,  with  the  proviso  that  the  ultimate  objective  is  to  ascertain  any  potential 
adverse  impact  of  low  fi:equency  sound  on  marine  animals. 

Comment:  A  more  accurate  and  less  extreme  set  of  criteria  must  be  identified  as  potential 

“Acute  Responses”  for  ATOC  suspension. 

Response:  The  nature  of  assessing  the  potential  impacts  of  low  frequency  sound  on 

marine  animals  requires  that  experienced  marine  mammal  biologists  observe  the  animals’ 
activities  in  the  wild.  Previous  research  has  documented  that  many  marine  animals,  particularly 
cetaceans,  often  exhibit  random  behaviors  throughout  their  normal  course  of  daily  activities,  in 
some  cases  for  no  apparent  reason.  Thus,  the  only  way  to  determine  if  low  frequency  sounds 
may  cause  acute  and/or  short-term  responses  is  to  obseive  them  occurring,  (i.e.,  their  type,  time 
of  onset,  duration,  etc.). 

Comment:  There  is  no  evaluation  of  the  possible  advantages  of  terminating  all  sound 

emissions  upon  detection  (visually  or  acoustically)  of  suspected  sensitive  animals  (e.g., 
humpback  whales). 

Response:  This  technique  would  prove  counter-productive,  as  the  objectives  of 

ascertaining  the  potential  effects  of  low  frequency  sound  on  marine  mammals  could  not  be  met. 
See  response  to  comment  above. 

Comment:  The  MMRP  should  be  expanded  to  include  a  criteria  list  to  help  differentiate 

between  behavior  modifications  that  could  be  considered  minor  (e.g.,  temporarj'  deflection  of 
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direction  of  movement  aAvay  from  the  sound  source)  and  major  (e.g.,  sea  turtle  floundering  on  the 
surface  during  sound  transmission)  as  they  pertain  to  potential  modifications  in  the  sound 
transmission  cycle. 

Response:  Appendix  C  identifies  the  criteria  to  be  applied.  For  example,  a 

floundering  sea  turtle  would  fall  under  behavioral  response  category  6.b.  Short-term  Response 
(Potential  injurious  behavior  [outside  known  baseline  activities]). 

Comment:  The  Final  EIS  should  offer  a  more  comprehensive,  tiered  management  protocol  to 

match  its  impressive  tiered  (and  tested)  data  collection  protocol.  There  are  few  really  silly  bits  in 
the  proposal,  but  the  notion  that  the  MRT  Leader  will  suspend  operations  upon  being  informed 
of  an  "acute  behavioral  response"  correlated  with  a  specific  transmission  certainly  qualifies... the 
protocol  looks  nice,  but  it  won't  happen  that  way  (if  shut-down  is  ever  called  for). 

Response:  See  Appendix  C  for  appropriate  text  changes  that  include  the  decision¬ 

making  protocol.  If  the  MRT  Leader  were  found  derelict  in  exercising  the  shut-down  criteria  as 
proposed,  NMFS  would  nullify  the  SRP  for  the  project. 

Comment:  Actually  stopping  the  ATOC  (not  the  MMRP)  transmissions  if  adverse  impacts 

are  found  is  nowhere  included  as  a  mitigation  measure. 

Response:  As  is  stated  in  the  EIS,  the  MMRP  would  continue  during  ATOC 

feasibility  operations,  with  the  same  source  terminatioii  criteria  applicable. 

Comment:  Guidelines  for  suspending  operations  should  be  described  more  fully;  the  points 

listed  under  section  6  of  Table  C-1  should  be  described  in  greater  detail. 

Response:  See  Appendix  C  for  a  more  comprehensive  description. 
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ISSUE  6;  MMRP  RESEARCH  PROTOCOL 

L  USE  OF  REPRODUCTIVE  OUTPUT  AS  A  MEASURE  OF  LOW  FREQUENCY  SOT  IND 

IMPA.CI 


Comment:  Humpback  whale  populations  are  only  now  beginning  to  show  early  signs  of 

recovery,  based  on  aerial  survey  data.  What  about  measuring  reproductive  output-the  most 
essential  indicator  of  a  population’s  well-being-for  invertebrates  and  other  small  marine  animals 
that  are  expected  to  provide  minimal  measurable  indication  of  possible  acoustic  impacts? 

Response:  The  MMRP  includes  the  monitoring  of  reproductive  output,  to  the  extent 

practicable  and  feasible,  for  commercially-taken  marine  animals  (e.g.,  fish,  sharks,  some 
invertebrates,  such  as  squid  and  octopus)  using  fish  stock  assessments  (via  Western  Pacific 
Regional  Fishery  Management  Council  catch-block  landing  data;  LTPY,  CPY  and  RAY  data 
from  NMFS,  and  interaction  with  local  north  Kauai  fishermen).  Mitigation  Measures  10-1  and 
11-1  refer  to  fish  and  sharks,  and  text  changes  to  Section  4. 3. 2.3  address  invertebrates. 
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ISSUE  6:  MMRP  RESEARCH  PROTOCOL 

i.  AGREEMENT  WITH  MMRP  ADVISORY  BOARD  RECOMMENDATIONS 

Comment:  Why  is  only  one  month  allotted  for  the  evaluation  of  the  MMRP  Pilot  Study  data, 

when  ATOC’s  own  Advisory  Board  has  stated  that  this  is  an  “unrealistic  timetable?” 

Response:  As  noted  in  Table  1 . 1 .2-1  and  the  MMRP  Research  Protocol  in  Appendix 

C,  the  goal  would  be  to  have  a  quicklook  report  available  30  days  after  the  conclusion  of  the 
Pilot  Study.  Data  results  will  be  compiled  continually  during  the  Pilot  Study  and  disseminated  to 
all  concerned  through  status  reports  every  two  months.  This  will  facilitate  the  rapid  turnaround 
of  a  quicklook,  but  it  is  recognized  that  it  could  take  up  to  twice  the  time  (2  months). 

Comment:  The  MMRP  Advisory  Board’s  recommendations  seem  not  to  be  heeded  with 

respect  to  consideration  of  boat-based  playbacks. 

Response:  The  MMRP  Advisory  Board’s  recommendation  to  consider  the  use  of 

boat-based  playbacks  is  addressed  above.  See  response  to  Issue  6.e. 

Comment:  As  part  of  NMFS’  duty,  it  is  requested  that  they  call  on  its  qualified  scientific 

statisticians  located  in  Seattle,  Washington  [NMML]  to  review  the  MMRP  and  confirm  whether 
it  can  produce  statistically  significant  data,  and  if  it  meets  the  stringent  standards  required  by 
NMFS  in  other  projects  affecting  marine  animals. 

Response:  A  NMML  representative  has  the  status  of  “observer”  on  the  MMRP 

Advisory  Board  and,  as  such,  that  NOAA  laboratory  has  always  been  cognizant -of  the  potential 
for  statistical  significance' during  the  development  of  the-MMRP  Research  Protocol.  The 
proposed  MMRP  research  protocol  and  the  results  of  the  statistical  power  analyses  for  the 
proposed  site  are  found  in  Appendix  C,  and  have  been  reviewed  and  considered  adequate  for 
publication.  The  revised  application  for  SRP  for  the  proposed  project  will  be  subject  to  the  same 
standards  as  other  studies  potentially  affecting  marine  mammals  and  sea  turtles. 
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ISSUE  6:  MMRP  RESEARCH  PROTOCOL 

L  DETERMINATION  OF  STGNTFTCANT  IMPACT 


Comment:  In  several  places  in  the  DEIS  are  found  variants  of  “the  lack  of  reliable 

information  justifies  the  assumption  of  an  unknown  impact  for  purposes  of  this  EIS,  but  at  a 
minimal  level.  The  presumption  that  impacts  to  mysticetes,  odontocetes,  pinnipeds,  sea  turtles, 
fisheries,  and  invertebrates  Avill  be  either  “minor”  or  “not  significant”  because  of  the  lack  of 
information,  the  patchy  distribution  of  the  species,  and  the  unlikeliness  of  significant  exposure  is 
simply  unfounded.  HEPA  regulations  require  that  evaluation  of  impacts  be  based  on  scientific 
and  factual  data.  We  conclude,  on  the  basis  of  all  information  presented,  that  other  than  the 
repeated  use  of  the  phrase  “presumed  to  be  minor,”  Scripps  has  failed  to  make  a  convincing  case 
for  the  eventual  finding  of  no  significant  impact. 

Response:  Most  of  the  findings  in  the  EIS  regarding  the  significance  of  impacts  to 

marine  mammals  and  other  special  status  species  are  based  upon  a  combination  of  factors, 
including  the  types  and  degree  of  potential  impacts  to  individual  animals  that  are  anticipated 
from  currently  available  information,  the  numbers  of  animals  that  might  be  affected,  the  portion 
of  the  range  of  those  animals  that  could  be  affected,  etc.  Generally,  the  standards  of  significance 
applied  for  determining  the  level  of  an  impact  on  special  status  species  through  habitat  reduction 
or  impairment  are  fi'amed  in  terms  of  potential  impacts  from  the  standpoint  of  the  species  as  a 
whole.  Many  of  the  comments  regarding  the  significance  of  impacts  fail  to  distinguish  between 
potential  impacts  to  individual  animals  as  compared  to  the  species  as  a  whole,  fail  to  distinguish 
minor  as  compared  to  major  impacts,  and  fail  to  relate  the  impact  discussion  to  the  criteria  of 
significance. 

Since  the  significance  conclusions  are  based  upon  a  combination  of  factors,  it  is 
important  to  distinguish  the  level  of  uncertainty  faced  when  evaluating  each  of  those  factors. 
Specifically,  there  is  a  considerably  greater  degree  of  certainty  regarding  the  abundance  and 
distribution  of  special  status  species  than  there  is  concerning  the  potential  impacts  on  individual 
animals  of  various  species  at  particular  noise  level  exposures.  A  conclusion  that  a  less  than 
significant  impact  to  the  species  will  result  from  the  project,  even  where  information  concerning 
one  or  more  of  these  factors  is  uncertain,  can  be  supported  by  information  regarding  the  other 
factors  if  the  combination  of  factors  warrant  that  conclusion. 

In  most  instances  of  the  type  identified  in  the  comment,  it  is  acknowledged  as  uncertain 
whether  given  noise  exposures  could  produce  behavioral  disruptions,  TTS  or  similar  effects  on 
individuals.  However,  it  can  still  be  concluded  that  potential  impacts  to  those  species  are  minor 
or  less  than  significant  given  the  low  abundances  of  most  species  in  the  study  area,  the 
infrequency  of  close  encounters,  and  the  relatively  large  range  of  most  of  the  special  status 
animals  (and  correspondingly  small  portion  of  the  range  affected  by  the  ATOC  source 
transmissions  [i.e.,  7.5-12  km  radius  of  120  dB  sound  field  around  source]).  For  example,  even 
assuming,  as  calculated  in  one  comment,  that  approximately  one  sperm  whale  would  be  exposed 
to  150  dB  sounds  during  the  initial  study  period,  and  that  this  exposure  could  produce  a  TTS  in 
that  animal,  that  single  event  would  not  constitute  a  significant  impact  on  sperm  whales. 

F'*S 


As  stated  in  the  EIS,  the  conclusions  regarding  the  significance  of  impacts  (as  defined  by 
HEP  A)  are  not  intended  to  imply  that  less  than  significant  impacts  (i.e.,  potential  annoyance  or 
TTS  in  mdividual  animals)  are  unimportant.  In  fact,  mitigation  measures  are  applied  to  many  of 
these  less  than  significant  impacts  even  though  not  strictly  required  by  HEPA  or  NEPA,  in 
response  to  the  public  concern  that  has  been  expressed  regarding  those  potential  impacts  —  a 
concern  shared  by  the  preparers  and  by  the  researchers  involved  in  this  project. 

Comment:  The  National  Research  Council  concluded  that  “Although  we  do  have  some 

knowledge  about  the  behavior  and  reactions  of  certain  marine  mammals  in  response  to  sound,  as 
well  as  about  the  hearing  capabilities  of  a  few  species,  the  data  are  extremely  limited  and  cannot 
constitute  the  basis  for  informed  prediction  or  evaluation  of  the  effects  of  intense  low  firequency 
sounds  on  any  marine  species.”  The  DEIS  consistently  makes  the  error  of  concluding  that  if  no 
evidence  for  a  significant  impact  exists,  the  impact  must  be  nonexistent,  and  in  many  cases 
overextends  assumptions  and  inferences  drawn  from  data  on  other  species  to  conclude  that 
impacts  on  marine  mammals  are  likely  to  be  less  than  significant.  In  may  cases,  evidence  for 
significant  impacts  does  not  exist  because  no  research  has  been  conducted. 

Response:  See  response  to  comment  above.  The  National  Research  Council 

concludes  that  data  in  this  area  are  limited,  and  research  on  the  potential  impacts  of  low 
frequency  sound  on  marine  animals  is  needed. 

In  each  case  of  a  finding  of  “minor”  or  "less  than  significant,"  the  EIS  lists  assumptions, 
available  supporting  data,  and  anedyses  for  reaching  that  conclusion.  The  EIS  considers  that  a 
potential  impact  is  deemed  to  exist  only  if  some  evidence  clearly  exists  on  which  to  base  that 
premise,  or  through  the  application  of  prudent  scientific  reasoning  (e.g.,  the  potential  for  causing 
TTS  in  a  non-diving  seabird  must  be  rated  as  negligible).  The  HEPA  criteria  for  significance  are 
cited  in  the  Executive  Summary  (Hawaii  Revised  Statutes  (HRS),  Chapter  343,  Section  11-200- 
12,  1992),  as  are  the  criteria  for  assessing  the  potential  for  non-negligible  (acute  or  short-term 
impacts  [Table  C-1])  impacts  on  marine  animals  (adopted  from  MMC  recommendations 
concerning  these  criteria). 

Comment;  The  MMRP  is  not  a  well-controlled  study,  and  cannot  discover  the  most 
important  impacts  to  the  health  of  cetacean  populations.  How  will  the  six-month  Pilot  Study 
provide  critical  evidence  of  behaviors  specifically  caused  by  the  ATOC  sound  transmissions? 
What  behaviors  will  be  considered  "acute?"  How  will  subtle  changes  be  detected;  what  is  the 
statistical  basis? 

Response:  A  broad  range  of  marine  biological  and  acoustic  research  techniques  were 

considered  in  developing  the  MMRP  Research  Protocol  found  in  Appendix  C.  The  control 
mechanisms  have  been  thoroughly  analyzed  by  independent  scientists  in  order  to  optimize, 
within  the  limits  of  available  funding  and  logistical  resources,  the  potential  for  observing 
important  biological  and  behavioral  effects  that  cetaceans  and  pinnipeds  (and  sea  turtles)  could 
exhibit.  Researchers  would  use  visual  and  acoustic  methods  to  maximize  the  possibility  of 
discovering  any  impacts,  whether  in  the  wild  (north  of  Kauai),  in  acoustic  playback  experiments 
that  would  be  directly  relatable  to  species  at  the  source  site,  or  in  threshold  testing  on  captive 
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animals  in  laboratory  situations,  also  to  be  correlated  with  animals  at  the  source  site.  Those 
behaviors  considered  acute  are  delineated  in  Table  C-1.  The  MMRP  Pilot  Study  is  not  designed 
to  detect  subtle  or  long-term  changes.  See  previous  responses  for  further  discussion  of  this  topic. 

Comment:  “Leq  calculations  indicate  that  less  than  significant  increases  in  average  ambient 

noise  levels  will  occur...”  You  have  not  defined  what  “significant”  means  so  this  is  meaningless. 

Response:  The  commonly  accepted  criteria  of  significance  for  noise  impacts  (under 

HEP  A)  evaluates  whether;  1)  the  project  would  generate  noise  that  would  conflict  with  local 
noise  ordinances,  2)  the  project  proposes  land  uses  that  substantially  increase  noise  levels  in 
areas  of  sensitive  receptors,  3)  whether  the  land  use  projected  by  the  project  is  compatible  with 
baseline  noise  levels,  and  4)  whether  State  of  Hawaii  and  local  guidelines  for  long-term 
exposures  are  exceeded.  Since  no  formal  noise  standards  apply  directly  to  the  activity,  the 
applicable  criteria  is  2,  whether  there  will  be  a  “substantial”  increase  in  noise.  The  use  of  Leq 
averaging  procedures  is  commonly  accepted  when  addressing  noise  impacts  and  for  that  reason 
conclusions  regarding  noise  increases  on  an  Leq  basis  are  presented  to  be  consistent  with 
common  practice. 

In  addition,  extensive  discussions  of  potential  noise  impacts  are  included  in  the  EIS,  and 
they  are  also  evaluated  under  the  potential  for  impacts  to  special  status  species,  discussed  above. 

Comment:  The  summary  on  the  DEIS  discussion  of  effects  of  ATOC  on  mysticetes,  in  Table 
4.3. 1.1. 3-1  is  a  study  in  self-contradiction.  On  every  one  of  the  seven  mysticetes  listed  there 
appear,  imder  the  column  marked  “Potential  Effects”,  the  phrases  “Uncertain;  however,  no  acute 
responses  expected.”  The  routine  of  self-contradiction  and  multiple  caveats  continues  with  the 
treatment  of  effects  on  odontocetes,  pinnipeds,  fissipeds,  and  sea  turtles.  Yet  another  tactic 
employed  by  Scripps  on  the  assessment  of  impact  is  the  illogical  equating  of  “low  rate  of 
occurrence  of  significant  effect”  with  the  conclusion  of  “less  than  significant  impact.” 

Response:  See  response  to  comment  above.  Uncertain  does  not  mean  unknown. 

Based  on  the  best  possible  combination  of  available  data  and  interpretation  of  scientific  estimates 
of  hearing  specialists,  marine  biologists,  and  underwater  acousticians  (section  4.3. 1.1),  the  EIS 
concludes  that  neither  acute  nor  short-term  responses  (Table  C-1)  from  mysticetes  due  to  low 
frequency  sound  transmissions  from  the  .A.TOC  source  would  be  expected. 

The  comment  on  odontocetes,  pinnipeds,  fissipeds,  and  sea  turtles  is  difficult  to  support, 
particularly  in  light  of  the  fact  that  no  more  than  three  of  these  group/species  (sperm  whale, 
beaked  whales,  leatherback  sea  turtle)  are  believed  to  have  any  measurable  possibility  of 
approaching  the  source  close  enough  to  incur  a  TTS,  and  the  potential  for  that  occurrence  would 
be  expected  to  be  low.  Temporary  behavioral  disruption  could  occur  for  those  species  with  good 
low  firequency  hearing  capabilities  (e.g.,  baleen  whales)  that  were  within  the  120  dB  sound  field 
during  sound  transmission  (mostly  2%  duty  cycle),  but  because  the  proposed  source  location 
(14.7  km  offshore)  has  not  been  identified  as  an  important  habitat  for  baleen  whales.  The 
potential  impacts  of  any  disruption  are  expected  to  be  minor. 
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Comment:  The  DEIS  states  that  Atlantic  bottlenose  dolphins  and  sea  turtles  receive  sound 

through  other  body  receptors  and  not  solely  with  ear  structures.  Therefore,  even  if  a  species  has 
not  been  documented  to  have  low  frequency  hearing,  it  should  not  be  dismissed  as  not  being 
affected  by  the  sound.  The  MMRP  should  have  protocols  to  characterize  potential  effects  to  all 
species  observed  in  the  sound  source  vicinity,  not  just  those  with  low  frequency  hearing. 

Response:  The  EIS  does  not  dismiss  the  potential  for  low  frequency  sound  reception 

other  than  via  ear  structures  as  unimportant.  The  MMRP  research  protocols  and  shut-down 
criteria  are  designed  to  apply  to  any  method  of  sound  reception  by  the  animals  that  would  be 
under  observation. 

Comment:  It  is  never  made  clear  in  the  DEIS  what  the  consequences  to  ATOC  will  be  if  the 
results  of  the  MMRP  prove  inconclusive  and  it  is  never  made  clear  that  ATOC  will  not  proceed 
if  its  transmissions  are  found  to  harm  marine  mammals  and  cannot  be  mitigated. 

Response:  Appendix  C  and  text  changes  to  Section  2.2  and  Section  4  include  the 

criteria  that  “Based  on  findings  of  no  acute  or  short-term  impacts  (Table  C-1)  to  marine  animals 
during  the  Pilot  Study,  ATOC  feasibility  operations  would  be  initiated  (in  accordance  with  the 
schedule  provided  as  Table  1.1. 2-1).”  Climate-related  transmissions  would  not  commence  imtil 
after  review  of  the  MMRP  Pilot  Study  quicklook  results  by  NMFS,  MMC,  MMRP  AB,  and  the 
Kauai  CAG,  using  the  previously  discussed  criteria  (see  response  above). 

Comment:  The  DEIS  uses  HEPA  terms  of  “significant”  and  “less  than  significant”  but  fails 

to  offer  bridging  definitions  to  relate  to  federal  MMPA  terms  of  “negligible”  and  “non- 
negligible.”  To  fulfill  environmental  impact  requirements  for  both  Hawaii  (HEPA)  and  NEPA, 
definitions  that  bridge  this  gap  must  be  provided  in  the  joint  FEIS.  The  FEIS  should  provide 
definitions,  which  the  DEIS  lacks,  of  terms  for  effects  on  marine  animals;  e.g.,  significant  effect, 
less  than  significant  effect;  minimal  effect;  adverse  effect;  unacceptable  effect. 

Response:  HEPA  definitions  for  significance  are  stated  in  the  Executive  Summary. 

The  term  “negligible”,  as  related  to  SRPs,  is  not  defined  in  the  MMPA,  HEPA,  or  NEPA.  The 
dictionary  definition  of  "negligible"  is  “so  small  or  unimportant  or  of  so  little  consequence  as  to 
warrant  little  or  no  attention”  (Mirriam-Webster,  1994).  Other  definitions  for  the  potential 
effects  on  marine  animals  are  provided  in  Appendix  B  of  the  EIS.  The  EIS  provides  criteria  for 
negligible  vs.  non-negligible  that  would  be  utilized  in  MMRP  activities  (see  response  above). 

Comment:  The  document  oversimplifies  and  overstates  the  section  on  irreversible 

environmental  changes.  While  there  is  no  evidence  for  massive  impacts,  it  is  still  inappropriate  to 
state  that  the  protective  measures  in  the  proposed  protocol  “will  prevent  any  irreversible  harm  to 
marine  mammals  or  other  organisms  in  the  affected  environment.”  In  fact,  the  project  could  kill 
a  variety  of  small  organisms  (during  equipment  deployment  on  the  benthic  fauna,  through  effects 
on  nearby  pelagic  plankton  and  fish),  but  the  overall  effects  on  the  marine  populations  are 
expected  to  be  negligible  according  to  information  provided  in  the  DEIS. 


F-36 


Response:  Text  changes  to  the  EIS  reflect  the  response  to  this  comment.  However, 

because  mitigation  measures  (see  Executive  Summary)  are  included  in  the  proposed  project 
protocol  to  minimize  any  irreversible  harm  to  marine  mammals  or  other  organisms  in  the 
affected  environment,  these  activities  are  not  expected  to  result  in  significant  changes  to  the 
marine  environment.  Irreversible  harm  could  occur  on  a  localized  basis  to  some  organisms  (e.g., 
lichens,  mussels,  barnacles,  limpets,  anemones)  that  might  be  physically  impacted  during 
equipment  (i.e.,  source,  cable)  deployment  However,  the  acoustic  source’s  footprint  of  4.7  m^  is 
insignificant  as  far  as  physically  affecting  benthic  fauna  or  flora  populations  at  the  source  site. 
The  potential  for  the  acoustic  transmissions  adversely  impacting  benthic  fauna  (that  could  not,  or 
would  not,  depart  the  immediate  vicinity  of  the  source  during  the  ramp-up  period)  or  benthic 
flora  in  proximity  of  the  source,  would  likewise  not  be  expected  to  be  significant  in  terms  of 
population  effects.  Typically  at  the  depth  of  about  850  m,  the  Mesopelagic  zone  [200-1000  m]  is 
changing  to  the  bathypelagic  zone  [1000-4000  m],  where  there  is  no  light  at  all  (Castro  and 
Huber,  1992),  meaning  minimal  photosynthesis  can  take  place  on  the  seafloor  where  the  source 
would  be  located.  Hence,  there  should  be  minimal  plant  life  (or  herbivorous  animals)  at  that  site, 
and  any  that  would  be  there  would  not  be  expected  to  have  low  frequency  hearing  sensitivity  (see 
Section  4.3.2.2, 4.3.2.3,  and  4.3.2.4). 

Comment:  Although  data  concerning  stock  structure  and  population  delineations  are 

incomplete  for  many  if  not  most  of  the  cetacean  species  described  in  the  EIS,  there  is  no 
discussion  of  the  relationship  between  the  status  of  population  sub-units  and  potential  effects  of 
the  proposed  project.  If  the  analyses  are  based  solely  on  cetacean  (and  in  some  cases  pinniped) 
density  and  distribution  information  cited  in  the  document,  it  is  not  clear  if  the  potential  for 
impacts  are  related  to  the  percentage  of  individual  animals  of  those  that  might  be  present  within 
or  pass  through  the  project  area  over  a  season,  a  year,  or  the  course  of  the  project;  or  if  these 
potential  impacts  are  evaluated  against  a  known  population  unit.  This  issue  is  addressed  only  in 
Appendix  F  where  it  is  clear  that  the  unit  of  analysis  is  the  species  level.  In  terms  of  assessing  or 
determining  the  significance  of  potentially  adverse  impacts,  it  may  be  more  appropriate  to  use 
population  sub-units  or  stocks  where  these  are  known  rather  than  species. 

Response:  Because  data  concerning  marine  animal  stock  structure  and  population 

delineation  are  incomplete  for  many  of  the  protected  species  addressed  in  this  EIS,  most  of  the 
discussions  in  the  section  on  the  potential  effects  of  low  frequency  sound  transmissions  (Section 
4)  deal  with  the  possibility  of  impact  on  a  psirticular  species,  based  on  that  species'  pertinent 
biological  and  spatial  characteristics  (i.e.,  low  frequency  hearing  sensitivity,  dive  depth  profile, 
distribution  and  abundance,  and  known  behavioral  patterns).  The  null  hypotheses  presented  in 
Appendix  C  would  be  tested  by  conducting  the  MMRP,  which  includes  the  study  of  both 
individual  animals  (e.g.,  playback  studies  and  audiometric  measurements)  and  groups  of  animals 
(e.g.,  pods  of  cetaceans  via  aerial,  vessel  or  acoustic  detection). 

There  is  a  difference  between  effects  that  might  occur  on  a  single  animal  of  a  large 
population  (e.g.,  fish)  and  an  individual  within  a  very  small  population  (e.g.,  minke  whale). 

Thus,  the  low  total  number  of  individuals  would  make  for  a  lower  potential  for  encounter  and 
possible  impact;  however,  if  that  impact  were  to  occur  to  one  or  more  individuals  of  a  relatively 
rare  species  (due  to  unpredicted  clumping,  age/sex  class  groupings,  etc.),  this  could  be  construed 
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as  a  more  significant  impact.  Based  on  the  findings  herein,  the  only  documented  evidence  of 
good  low  frequency  hearing  capability  is  for  baleen  whales,  none  of  which  apparently  dive  deep 
enough  to  approach  the  source  close  enough  to  incur  TTS.  Sperm  whales,  some  beaked  whales 
and  leatherback  sea  turtles  can  dive  close  to  the  source  depth,  but  any  evidence  of  low  frequency 
hearing  capability  among  these  groups/species  is  anecdotal  to  date.  Among  these,  the  sperm 
whale  and  leatherback  sea  turtle  are  federally  listed  as  endangered.  However,  based  on  the  data 
presented  herein,  the  proposed  action  site  has  not  been  identified  as  an  important  marine 
mammal  habitat  (i.e.,  feeding,  breeding,  migration  route  or  comparable  area). 

If  the  MMRP  goes  forward,  by  virtue  of  its  designated  focused  study  area  around  the 
proposed  source  site,  population  sub-units  or  stocks  local  to  Kauai  (or  at  least  the  Hawaiian 
Islands)  would  necessarily  be  the  focal  animals/sub-units  used  in  assessing  the  potential  for 
adverse  impacts  on  protected  animals.  The  best  available  estimates  of  the  stock  of  marine 
mammal  and  sea  turtle  species  that  would  be  expected  to  reside  or  pass  through  the  general  EIS 
study  area  during  the  course  of  the  proposed  two-year  MMRP  are  listed  in  Section  3.3.1.  MMRP 
population  distribution  and  abundance  data  collected  would  supplement  these  estimates  and 
support  future  research  efforts  that  could  use  population  sub-units  or  stocks  as  indicator  groups 
for  determining  the  potential  for  low  frequency  sound  impacts  on  marine  species. 
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ISSUE  6:  MMRP  RESEARCH  PROTOCOL 

1.  INDICAIOK^dES 


Comment:  Sperm  whales,  which  might  be  most  affected,  are  not  an  indicator  species?  It 

would  make  more  sense  to  focus  on  one  (or  two)  key  indicator  species  that  will  provide  adequate 
data  to  make  some  meaningful  conclusions.  Focus  field  behavioral  studies  on  target  species, 
those  that  may  be  most  affected  by  the  ATOC  sound  source;  limit  target  species  to  the  top  two  or 
three.  Sperm  whales  are  listed  as  one  of  the  MMRP's  indicator  species  and  yet  there  is  no  special 
concentration  of  effort  dedicated  to  sperms  in  the  MMRP  whatsoever.  Unlike  humpbacks,  sperm 
whale  vocalizations  are  not  very  amenable  to  cross-fixing  detections,  and  yet  sperm  whales  are 
supposedly  an  indicator  species. 

Response:  The  expected  low  abundance  of  sperm  whales  in  the  vicinity  of  Kauai 

makes  it  infeasible  to  target  that  species  as  an  indicator  species  for  the  MMRP  in  that  area. 
However,  boat-based  acoustic  playback  experiments  with  sperm  whales  are  planned  for  the 
Atlantic  Ocean  (off  the  Azores  and/or  the  island  of  Dominica)  by  Dr.  Jonathan  Gordon  of  Oxford 
University.  Thus,  cross-correlation  of  detections  (to  determine  animal  location)  would  not  have 
to  be  relied  upon. 

It  is  appropriate  to  focus  on  key  indicator  species  (see  MMRP  Research  Protocol, 
Appendix  C). 

Comment:  I  would  like  to  see  less  money  focused  upon  one  trophic  group  (top  carnivores).  I 

believe  a  smaller  amoimt  of  money  could  yield  more  far-reaching  results  if  it  were  spent  on 
projects  such  as  determining  sound  behavior  in  the  oxygen  minimum  zone  (OMZ)/deep 
scattering  layer  (DSL),  local  marine  fish  auditory/lateral  line  thresholds,  fish  behavioral 
responses  to  low  frequency  sounds,  and  crustacesin/cephalopod  auditor)'  capabilities/potential 
impacts. 

Response:  There  is  a  fairly  well-defined  OMZ  in  the  oceanic  water  column  at  around 

500  m,  where  the  amount  of  oxygen  can  drop  to  nearly  zero  (Castro  and  Huber,  1992).  The 
DSL,  made  up  of  fishes,  krill,  shrimps,  copepods,  jellyfishes,  squids  and  other  midwater  animals, 
lies  at  depths  of  300-500  m  during  the  day,  but  at  sunset  rises  closer  to  the  surface.  The  MMRP 
Research  Protocol  (Appendix  C)  targets  those  marine  species  believed  to  be  most  susceptible  to 
potential  effects  of  low  frequency  sound,  regardless  of  their  habitat  and  predicted  activity 
locations  within  the  oceanic  water  column.  Commercially-taken  species  of  fish,  crustaceans  and 
cephalopods  would  be  monitored  through  MMRP  actions  (see  Appendix  C,  responses  to  Issue  5 
above,  and  Section  4.3.2.3.1). 

Comment:  It  is  not  evident  why  more  than  50%  of  the  winter  residents  could  not  potentially 

pass  through  the  study  area  one  or  more  times.  If  the  Pilot  Study  indicates  that  ATOC  sound 
transmissions  affect  the  movements  or  behavior  of  humpback  whales,  determining  the 
significance  of  those  effects  may  require  knowing  what  proportion  of  the  population,  and  how 
frequently  and  for  what  periods  of  time  particular  animals  (e.g.,  pregnant  females  and  females 
with  calves),  may  be  present  in  areas  where  they  could  be  exposed  to  ATOC  sound 
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transmissions.  The  DEIS  does  not,  but  should,  note  that  the  MMRP  described  in  Appendix  C 
will  not  resolve  this  uncertainty. 

Response:  Based  on  boat-based  photo-ID  data  collected  during  the  30  January  -  20 

April  1993  time  frame,  mostly  on  the  west  side  of  Kauai,  only  13.5%  of  the  humpback  whales 
seen  were  resighted,  and  the  mean  resighting  interval  was  14  days  (range  of  1-50  days).  These 
data  suggest  that  it  would  be  highly  unlikely  that  more  than  50%  of  the  entire  population  of 
humpbacks  wintering  in  the  Hawaiian  Islands  would  pass  through  the  study  area  one,  or  more, 
times. 
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ISSUE  6:  MMRP  RESEARCH  PROTOCOL 

m.  RAMPtUPTIME 


Comment:  The  proposed  ramp-up  time  of  5  minutes  preceding  each  signal  may  be  too  short 

to  allow  nearby  animals  to  swim  away.  How  would  animals  know  which  direction  to  swim,  if 
the  source  is  hard  to  localize? 

Response:  The  5-minute  ramp-up  is  designed  to  alert  nearby  animals  to  the  onset  of  a 

transmission.  It  starts  at  165  dB  (0.26  W)  and  increases  6  dB  each  minute  for  five  minutes. 
During  that  five  minutes,  an  animal  would  have  to  swim  a  maximum  of  178  m  to  be  outside  the 
150  dB  isopleth  (the  sound  level  believed  to  be  the  threshold  of  potential  TTS).  This  is 
equivalent  to  a  swim  speed  of  0.6  m/s,  which  is  well  within  the  capability  of  all  marine 
mammals,  sea  turtles,  and  fish. 

Humans  have  difficulty  sensing  the  location  of  a  source  of  low  frequency  sound, 
especially  so  underwater.  Some  commenters  have  therefore  assumed  that  marine  animals  are 
similarly  handicapped,  and  might  have  difficulty  determining  which  direction  to  swim  away 
from  the  source.  In  fact,  according  to  Atema  et  al.  (1988)  and  Webster  et  al.  (1992)  marine 
animals  have  evolved  specifically  to  process  underwater  sound  and  possess  a  far  superior  ability 
to  localize  or  pinpoint  the  source  of  a  signal. 

One  commenter  confused  the  5-minute  ramp-up  period  with  a  provision  in  the  Pilot  Study 
MMRP  protocol  (Appendix  C,  page  C-6)  to  start  with  a  signal  level  of  185  dB  (26  W)  for  the 
first  two  experimental  periods,  then  increase  to  195  dB  (260  W)  for  the  following  observation 
periods.  This  approach  is  termed  "varying  the  sound  source  level,"  not  "ramping-up"  the  signal. 
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ISSUE  6:  MMRP  RESEARCH  PROTOCOL 

n.  MITIGATION  MEASURES 


Comment:  The  mitigation  measures  proposed  in  the  DEIS  do  not  ensure  avoidance  of 

significant  impacts  to  marine  mammals.  Since  the  MMRP  and  nearly  every  mitigation  measure 
proposed  in  the  DEIS  is  already  included  in  the  proposed  action,  these  are  not  properly  labeled 
and  are  not  legitimate  mitigation  measures  under  HEPA.  Monitoring  of  impacts  is  not  an 
appropriate  mitigation  measure.  An  appropriate  mitigation  measure  would  include  a  provision 
that  ATOC  would  not  proceed  unless  it  us  determined  by  the  MMRP  that  it  will  not  have 
significant  adverse  impacts  on  marine  mammals.  The  mitigation  measure  wording  should  be 
more  precise  and  legally  binding. 

Response:  For  the  reasons  set  forth  in  the  EIS,  all  of  the  potential  impacts  of  the 

project  are  believed  to  be  less  than  significant  as  defined  under  HEPA,  particularly  after 
application  of  the  mitigation  measures  proposed  in  the  EIS.  In  any  event,  neither  HEPA  nor 
NEPA  require  that  mitigation  measures  eliminate  or  reduce  all  potential  impacts  to  a  less  than 
significant  level.  If  potentially  significant  impacts  remain  after  the  application  of  mitigation 
measures,  the  project  may  nonetheless  be  approved.  As  to  this  project,  all  potential  impacts  have 
been  determined  to  be  less  than  significant  (as  defined  by  HEPA). 

The  MMRP,  as  well  as  various  odier  project  components  that  serve  to  reduce  the 
potential  for  impacts,  were  identified  as  mitigation  measures  primarily  to  respond  to  concerns 
that  otherwise  these  measures  might  not  be  enforceable.  All  of  the  mitigation  measures 
identified  in  the  FEIS  would  be  made  enforceable  conditions  of  project  approval. 

The  MMRP  consists  of  more  than  a  monitoring  program,  although  observation  and 
monitoring  of  marine  mammal  responses  to  the  ATOC  sounds  would,  of  course,  be  part  of  that 
effort.  The  MMRP’s  principal  mitigation  value  is  derived  from  the  feedback  of  MMRP  results 
into  ATOC  decision-making,  particularly  the  decision  following  both  the  Pilot  Study  and  two- 
year  MMRP  research  phases  concerning  whether  or,  how  best,  to  proceed  with  any  long-term 
ATOC  experiment.  The  comment  that  these  elements  of  the  MMRP  are  not  clearly  articulated 
has  been  addressed  through  revisions  to  the  MMRP  Research  Protocol  at  Appendix  C.  See  also 
response  to  comment  above  regarding  shut-down  guidelines. 

Comment:  The  rationale  for  Mitigation  Measure  7-1,  which  indicates  that  the  MMRP 

described  in  Appendix  C  will  provide  the  information  necessary  to  validate  the  assumption 
regarding  Hawaiian  monk  seal  distribution,  is  not  evident  and  should  be  explained. 

Response:  Text  changes  have  been  made  to  explain  that  a  goal  of  the  MMRP  would 

be  to  validate  the  assumptions  regarding  population  distribution  of  the  Hawaiian  monk  seal  in  the 
MMRP  study  area,  via  aerial  visual  survey  methods. 

Comment:  How  will  reduction  in  duty  cycle  and  power  levels  necessarily  mitigate  potential 

impacts?  How  can  all  the  "unknowns"  for  all  the  species  considered  lead  to  the  conclusion  that 
this  "mitigation  measure"  will  be  effective?  This  statement  is  obviously  conclusory  and  invalid. 
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Response:  For  any  species  that  incurred  any  level  of  impact,  no  matter  how  slight, 

from  the  source  transmissions,  a  reduction  of  the  power  level  (i.e.,  sound  level  in  the  water) 
and/or  a  reduction  in  duty  cycle  (amount  of  time  die  soxmd  is  in  the  water)  would  surely  reduce 
the  level  of  the  potential  impact  on  that  species.  For  those  species  that  experienced  no  impact, 
the  reduction  of  power  level  and/or  duty  cycle  would  be  inconsequential. 

Comment:  Mitigation  Measures  3-1  and  6-1  seem  to  ignore  the  fact  that  an  understanding  of 
a  species'  hearing  sensitivities  is  critical  for  "predicting  the  likelihood  of  exposure...,"  yet  these 
are  practically  impossible  to  obtain  for  the  great  whales. 

Response:  The  preparers  agree  that  it  is  difficult  to  obtain  hearing  sensitivities  for  the 

great  whales.  See  response  to  Issue  6.k  above  for  further  discussion  on  this  topic. 
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ISSUE  6:  MMRP  RESEARCH  PROTOCOL 

0.  SAMPLE  SIZES  FOR  AERIAL  LINE  TRANSECT  SURVEYS 


Comment:  Sample  sizes  for  aerial  line  transect  surveys  seem  totally  inadequate,  considering 

they  are  only  executed  1  time  every  other  month  for  aerial  surveys.  The  cetacean  behavioral 
observations  are  designed  to  be  comprehensive;  however,  the  observations  planned  for  before, 
during,  and  after  ATOC  transmissions  may  be  impossible  to  collect  This  protocol  relies  on 
finding  cetaceans  at  the  appropriate  time  and  being  able  to  track  them  throughout,  despite  the  low 
odds  of  having  transmission  days  and  vessel-worthy  days  coincide  at  the  2%  duty  cycle.  Has  a 
power  analysis  been  performed  to  optimize  this  particular  aspect  of  the  MMRP?  Data  gathered 
from  the  preliminary  baseline  period  will  be  used  to  assess  how  large  a  sample  size  is  needed  to 
get  statistical  power  and  conclusive  results.  What  is  the  protocol  if  the  data  show  that  the  data 
set  is  too  small? 

Response:  The  MMRP  research  protocol  has  been  reviewed  by  a  number  of 

independent  marine  mammal  biologists,  acousticians  and  statisticians  in  order  to  maximize  the 
potential  for  collecting  adequate  data  points  and,  hence,  sufficient  statistical  power  on  which  to 
base  MMRP  Research  Team  conclusions.  The  Kauai  MMRP  Principal  Investigator  (Cornell 
University)  has  incorporated  the  results  from  the  preliminary  baseline  data  collection  efforts  into 
the  research  protocol,  and  a  statistical  power  analysis  has  been  completed  for  the  research  effort 
at  the  proposed  site  to  ensure  that  the  data  set  is  large  enough  for  statistical  significance  (see 
Appendix  C).  Issuance  of  the  SRP  will  be  predicated  upon  endorsement  of  the  MMRP  Research 
Protocol  by  the  MMRP  AB. 

The  sample  sizes  for  aerial  line  transect  surveys  are  necessarily  smaller  during  the  time 
period  when  humpback  whales  are  absent  from  Hawaiian  waters  (May  -  November). 

Comment:  The  high  C.V.  for  pod  sightings  (51%  in  the  northern  Kauai  region)  cited  in  aerial 

survey  work  by  Mobley  et  al.  (1994)  is  a  serious  problem.  With  such  variability,  what  search 
effort  would  be  needed  to  detect  a  10%  real  change  in  whale  abundance  during  ATOC.  ' 
Designing  the  study  to  detect  a  20%  change  in  behavior/abundance  (vs.  5%  or  10%)  needs  debate 
and  justification. 

Response:  See  .Appendix  C  :or  the  star.stical  power  analysis  results  and  discussions 

of  the  rationale  for  selecting  specific  percentage  c:  change  values. 
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ISStJE  7:  SOUND  FIELDS 

a.  NRC  FINDINGS JIEGARDING  THE  “120  dB»  r.RTTERION 


Comment:  While  50%  of  gray  whales  avoided  continuous  sounds  at  levels  of  1 17-123  dB, 
depending  upon  the  stimulus,  the  most  sensitive  10%  avoided  drill  ship  sounds  at  levels  of  1 10 


dB. 


Response:  The  National  Research  Council,  Ocean  Studies  Board,  stated  that  the  "120 

dB  criterion"  refers  to  a  level  of  sound  that  has  been  identified  informally  as  a  level  above  which 
acoustic  effects  on  marine  mammals  might  occur.  They  concluded  that  although  the  field  studies 
from  which  this  criterion  was  derived  "provided  estimates  of  the  sound  exposure  level  in  the 
vicinity  of  the  animals  while  their  behavior  was  being  observed,  there  was  considerable  variation 
with  some  animals  reacting  at  lower  levels  and  some  not  reacting  at  considerably  higher  levels." 

As  is  true  of  most  field  observations,  many  different  interpretations  of  these  results  can  be 
offered.  For  example,  according  to  the  studies  mentioned,  the  change  in  behavior  of  the 
migrating  gray  whales  was  minor  and  brief,  involving  a  slight  deflection  in  the  migratory  path. 
One  can  argue  that  the  animals  simply  detected  a  potential  obstmction  and  made  a  relatively  mild 
deflection  in  their  course  to  avoid  the  obstacle.  Certainly  the  energy  expended  in  their  response 
was  minimal.  Energetic  effects  were  obviously  greater  for  migrating  bowhead  whales.  They 
apparently  avoided  an  icebreaker-supported  drillship  by  10  to  30  kilometers  (LGL  and 
Greeneridge,  1987;  Brewer  et  al.,  1993).  Additionally,  in  the  case  of  the  withdrawal  of 
bowheads  from  feeding  areas,  the  action  was  observed  when  a  novel  stimulus  was  introduced 
(Richardson  et  al.,  1993;  Richardson  and  Malme,  1993).  Such  withdrawal  behavior  might  or 
m^ht  not  quickly  habituate  if  the  sound  were  repeated,  but  that  study  was  not  able  to  obtain 
information  about  habituation.  Furthermore,  only  two  species  of  whales  were  involved,  and  the 
results  of  the  same  experiment  would  very  likely  be  different  for  other  species.  Because  of  their 
apparent  lack  of  sensitivity  at  these  low  frequencies,  some  toothed  whales,  for  example,  may  not 
detect  sound  at  the  levels  that  affected  the  gray  whales  and  bowhead  whales. 

That  the  120  dB  number  is  considered  to  be  such  an  important  regulatory  criterion  is 
testimony  only  to  the  paucity  of  our  knowledge  about  marine  mammals. 
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ISSUE  7;  SOUND  FIELDS 

c.  COMPARISON  OF  NATTIFAT.  A>JD  HUMAN-MADE  UNDERWATER  SOUNDS 
ONCLUDINGATOQ 


Comment:  Natural  and  human-made  levels  of  noise  should  not  be  equated.  Marine  animals 

have,  over  evolutionary  time,  most  certainly  become  adapted  to  filtering  out  natural  noise.  The 
same  cannot  be  said  for  the  recent  addition  of  human-made  noise. 

Response:  The  section  in  question  (Section  4.3,  masking)  does  not  attempt  to 

“equate”  natural  and  human-made  noise  levels.  Masking  is  a  natural  and  highly  variable 
phenomenon  to  which  marine  mammals  are  well  adapted.  Hence,  marine  mammals  undoubtedly 
can  tolerate,  with  few  or  no  negative  effects,  some  [human-made]  increase  in  masking  relative  to 
natural  levels  (Richardson  et  al.,  1991).  Discriminatory  hearing  abilities  of  baleen  whales  have 
yet  to  be  documented,  but  some  other  groups  of  marine  mammals  (particularly  toothed  whales) 
can  discriminate  intensities,  frequencies  and  directions  at  levels  comparable  to  or  better  than 
those  of  humans.  Bearing  this  in  mind,  the  hypothesis  of  Payne  and  Webb  (1971)  on  the 
potential  hearing  abilities  of  baleen  whales  is  in  line  with  most  data  on  other  marine  mammal 
hearing  abilities.  However,  there  are  few  data  on  hearing  abilities  of  any  marine  mammal  species 
at  the  low  frequencies  generated  by  baleen  whales. 

Comment:  Figure  4.3.1. 1.2-1:  This  seems  to  be  a  ridiculous  comparison  between  a  moving 

and  stationary  source. 

Response:  This  figure  is  not  meant  to  portray  a  supertanker  transit  lane  over  Sur 

Ridge  (see  text  change)  but,  rather,  it  attempts  to  make  a  meaningful  analogy  between  the  sound 
fields  of  the  stationary  ATOC  source  and  the  sound  fields  associated  with  a  moving  source,  like  a 
ship  (the  primary  source  of  low  frequency  sound  in  the  world’s  oceans).  See  also  response  to 
comment  Issue  7e  below. 

Comment:  The  EIS  should  be  expanded  to  describe:  1)  differences  in  low  frequency  sound 

transmission  patterns  and  dissipation  rates  from  surface  vs.  deep  water  sources;  2)  possible 
differences  in  types  and  levels  of  background  noises  that  might  mask  and  affect  responses  to 
surface-generated  and  deep  water-generated  sounds;  3)  possible  differences  in  response  to 
narrow-  and  broad-band  sounds;  4)  how  the  perceptions  of  and  responses  to  low  frequency 
sounds  may  vary  if  the  sound  source  is  stationary  vs.  moving. 

Response:  Section  2.2. 1 . 1  covers  the  modeled  propagation  patterns  and  transmission 

losses  for  the  ATOC  deep  water  source.  When  a  source  and/or  receiver  is  very  close  to  the  sea 
surface,  the  surface  reflection  of  the  sound  can  interact  strongly  with  direct  sound  radiation, 
creating  interference  patterns  that  can  cause  transmission  loss  variability  of  up  to  twice  that  of 
normal  spherical  spreading.  However,  in  the  presence  of  a  well-defined  surface  duct  (at  least  10 
m  deep  from  the  surface),  transmission  losses  can  decrease  to  one-half  that  of  spherical 
spreading.  The  ATOC  source  presents  a  different  type  of  low  frequency  soimd  in  the  ocean 
because  it  is  located  at  such  a  great  depth,  compared  to  most  human-made  oceanic  sounds,  which 
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occur  in  the  upper  water  column  (ships/boats/thrillcraft,  oil  industry  operations,  aircraft  noise, 
commercial  and  Navy  active  sonar  transmissions). 

Natural  deep-water  generated  sounds  include  earthquakes,  volcanic  eruptions  and  vents 
along  the  edges  of  tectonic  plates.  All  natural  and  human-made  noises  might  mask  some  signals 
to  and  by  marine  mammals.  Some  toothed  whales  seem  able  to  adjust  the  frequencies  of  their 
echolocation  calls,  within  limits,  in  order  to  avoid  frequencies  where  background  noise  levels  are 
high  (Au  et  al.,  1974, 1985).  See  also  response  above. 

Many  species  can  produce  both  broadband  and  narrowband  calls  containing  energy  at  a 
variety  of  frequencies  or,  at  different  times,  produce  narrowband  calls  at  varying  frequencies. 
When  communication  at  one  frequency  is  masked  by  strong  human-made  or  natural  noise,  the 
calls  or  call  components  at  other  frequencies  may  still  be  audible  (Richardson  et  al.,  1991). 

The  principal  difference  in  how  a  marine  animal  may  perceive  and  respond  to  low 
frequency  sounds  emanated  from  stationary  vs.  moving  sources  include  the  following:  1)  if  the 
moving  source  happens  to  intersect  a  migration  route  or  primary  marine  animal  habitat,  the 
animal  must  make  substantial  adjustments  to  its  behavioral  pattern  to  elude  the  source  so  as  to 
avoid  collision,  and  possibly  to  reduce  acoustic  interference;  2)  moving  sources  can  produce  loud 
noise  levels  over  a  much  larger  area  (see  Figure  4.3.1. 1.2-1). 

Comment:  The  discussion  of  comparisons  between  natural  and  human-induced  noise,  and  of 
sound  transmission  through  the  water  and  through  the  air,  including  Table  1.1. 3-1  (“Natural  and 
human-made  source  noise  comparisons”)  is  misleading. 

Response:  The  EIS  includes  changes  to  the  text  and  Table  1.1. 3-1  that  address  this 

comment. 

Comment:  Fully  explain  the  similarities  and  differences  between  the  ATOC  sound  source 

(fixed  location,  moderate  duration,  repeated  regularly,  and  deep)  vs.  those  compared  in  the 
document  (moving  ships  and  dri''’Tig  rigs),  particularly  as  these  characteristics  influence  the 
impacts  on  marine  mammals. 

Response:  With  the  exception  of  the  question  on  drilling  rigs,  this  comment  is  ' 

addressed  in  previous  responses  above.  Richardson  et  al.  (1991)  noted  that  cetaceans  apparently 
avoid  stationary  industrial  acti\ities  such  as  dredging,  drilling  and  production  when  the  received 
soimds  are  near-surface  and  intense,  but  not  when  the  sounds  are  barely  detectable  (e.g.,  <10  dB 
above  ambient).  Some  cetaceans  do  enter  areas  that  are  strongly  ensonified  by  stationary 
industrial  operations.  For  example,  some  beaked  whales  behaved  normally  in  some  areas 
ensonified  by  dredging  noises  at  the  construction  site  of  an  artificial  island  in  the  Beaufort  Sea 
during  1980.  Richardson  et  al.  (1985c,  1990b)  speculated  that  this  may  have  meant  that  the 
whales  habituate  to  noise  from  an  on-going  construction  operation  even  if  they  are  disturbed 
when  they  first  encounter  it.  The  radius  of  avoidance  around  industrial  sites  is  normally 
considerably  smaller  than  the  radius  of  audibility  (Richardson  et  al.,  1991).  Whether  there  is  any 
reduction  in  utilization  of  areas  that  are  ensonified  but  beyond  the  radius  of  demonstrated 
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avoidance  cannot  be  determined  from  the  available  evidence.  The  MMRP  would  provide 
valuable  information  to  help  resolve  this  issue  (See  Appendix  C). 
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ISSUE  7:  SOUND  FIELDS 

d.  AIR  VS.  WATER  STANDARD 


Comment:  The  DEIS  goes  on  to  present  Table  ES-1  (Relationship  of  sound  level  of  common 

sounds  in  air  and  water  [20-1000  Hz]),  which  is  completely  worthless  and  without  factual  basis. 
The  purpose  of  this  table  is  clearly  to  make  ATOC  seem  less  loud  to  us,  compared  to  familiar,  in¬ 
air,  sounds. 

Response:  A  similar  table  is  presented  in  the  National  Research  Council’s  Low- 

Frequency  Sound  and  Marine  Mammals;  Current  Knowledge  and  Research  Needs.  All  data 
points  in  this  table  are  referenced  in  the  EIS.  Note  changes  to  the  EIS  version  of  this  table, 
which  also  respond  to  this  comment 

Comment:  \\Tiat  is  the  basis  for  comparing  sounds  produced  imder  water  with  sounds 

produced  in  air?  Using  a  conversion  of  61.5  dB  (rather  than  26  dB)  between  sound  power  levels 
in  air  and  water  is  unjustified,  because  we  do  not  know  which  acoustic  stimuli  (energy  flux  or 
sound  pressure)  is  the  important  one  for  hearing  loss  in  marine  mammals.  The  DEIS  neglects  to 
note  that  the  NRC  publication  uses  a  conversion  factor  of  only  26  dB,  not  61.5  dB.  Further,  the 
DEIS  itself  uses  only  a  26  dB  conversion  factor  in  Section  4.5. 1.1. 

Response:  Fay  (1988)  in  Hearing  in  Vertebrates:  a  Psychophysics  Databook  noted 

that  the  commonly  accepted  term  for  underwater  conditions  is  “sound  pressure”  ([particularly 
for]  fishes  and  marine  mammals)  and  for  m-air  conditions  “sound  pressure  level,  or  SPL.”  He 
goes  on  to  note  that  proper  comparisons  of  hearing  sensitivity  in  air  and  water  are  difficult  to 
make,  but  one  common  method  of  comparison  is  to  express  both  air  and  water  thresholds  in  units 
of  “sound  intensity,”  (i.e.,  units  of  power/unit  area;  e.g.,  Watts/cm2)  which  takes  into 
consideration  the  impedance  of  the  medium.  Using  logarithmic  units  for  comparison  between 
sounds  in  air  and  in  water  we  find  that  for  equal  intensity  or  energy  transfer  in  each  that  the 
pressure  levels  must  vary  as: 

10  Log[(pc)water/(pc)air]  =  35.5  dB 

For  years  the  reference  level  for  sound  in  air  has  been  20  pPa,  and  in  water  only  1  pPa.  These 
are  not  air-to-water  sound  level  conversion  factors,  they  are  units,  just  as  we  measure  highway 
distances  in  kilometers  or  miles  and  people’s  height  in  meters  or  feet.  So  when,  as  in  the  NRC 
report,  we  add  26  dB  to  in-air  values,  it  is  only  to  make  the  units  of  both  measurements  the  same. 
Hence  26  dB  should  be  added  to  35.5  dB  to  derive  the  61.5  correction  factor  between  air  and 
water.  We  have  adopted  this  convention,  based  on  interpretation  of  the  studies  and  analyses  of  a 
number  of  experienced  acousticians  (e.g..  Potter,  Berenak,  Ellison). 

The  NRC  publication  does,  in  fact,  acknowledge  that  “The  difference  in  reference 
pressure  level  [not  energy  flux]  is  one  complication  in  comparing  sound  in  air  with  sound  in 
water.  Another  is  that,  because  the  impedances  of  air  and  water  differ,  the  actual  power  flow  in 
them  differs  even  if  the  pressures  are  the  same.  For  example,  a  spherical  sound  source  radiating 
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a  pressure  of  1  d5Tie  per  square  cm  in  air  generates  about  2.5x10-9  Watts  per  square  cm.  The 
same  source  in  water  radiating  the  same  pressure  generates  about  4.7x10-13  W^m2~an  intensity 
ratio  of  about  5,000.”  This  calculation  (and  Fay’s,  1988 )  produces  an  intensity  ratio  of 
approximately  3550  (35.5  dB);  thus,  if  anything,  the  estimates  in  the  EIS  are  conservative,  if 
compared  with  those  of  the  NRC  publication. 

Regarding  the  comment  that  “the  DEIS  itself  uses  only  a  26  dB  conversion  factor  in 
Section  4.5. 1.1,”  the  calculation  in  question  refers  to  a  minimum  human  audibility  level  in  water 
that  was  referenced  to  20  pPa.  Because  the  value  was  already  a  water  standard,  only  the  26  dB 
correction  factor  need  be  applied  to  convert  to  a  reference  of  1  pPa. 

Comment:  Table  ES-1  and  related  text  clearly  imply  that  power  is  the  appropriate  acoustic 

feature  for  perception  of  loudness  and  for  auditory  damage.  This  leads  to  a  water  standard  that 
has  much  higher  pressure  levels  for  comparisons  with  the  air  standard.  The  NRC  publication 
considered  this  issue,  but  did  not  include  the  intensity  correction  in  such  a  table,  and  noted  the 
different  relationship  between  pressure  and  power  in  the  two  media.  There  are  insufficient  data 
on  either  hearing  loss  or  perception  of  loudness  in  marine  mammals  to  justify  choice  of  one 
feature  over  another  (pressure  vs.  power).  This  part  of  the  EIS  is  not  correcting  a  misconception 
as  much  as  pushing  a  particular  hypothesis  about  biological  impact  that  has  not  yet  been  subject 
to  empirical  testing. 

Response:  No  particular  hypothesis  is  involved,  rather  the  application  of  standard 

scientific  methods  to  enable  comparison  between  in-air  and  in-water  sound  intensities.  See  also 
response  above. 
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ISSUE  7:  SOUND  FIELDS 

e.  ACOUSTIC  THERMOMETRY  STGNAT.  LEVELS  VS.  AMBIENT  NOISE  LEVELS  IN 
SOUND  CHANNEL 


•  Comment:  Why  are  ambient  noise  levels  in  the  deep  sound  channel  tabulated  in  the  EIS, 
higher  than  expected?  Why  use  surface  ambient  noise  levels  for  comparison  with  ATOC  signals, 
rather  than  deep  sound  channel  levels.  As  demonstrated  in  the  HEFT,  sound  transmissions  will 
travel  huge  distances  across  the  oceans  in  the  deep  sound  channel  and  will  be  detectable  around 
the  world;  thus,  ATOC’s  contribution  to  human-made  noise  in  the  deep  sound  channel  must  be 
quite  substantial. 

Response:  There  is  a  common  perception  that  the  ocean  is  much  quieter  at  depth  than 

near  the  surface.  In  fact,  sound  propagates  efficiently  in  the  ocean  so  that  ambient  (low 
frequency)  noise  levels  at  4000  m  depth  are  typically  only  5  dB  less  than  at  100  m  (Morris, 

1978).  At  1000  m,  in  the  sound  channel,  ambient  noise  levels  are  normally  only  2-3  dB  less  than 
near  the  surface  (Morris,  1978).  At  higher  frequencies,  the  vertical  variation  is  even  less. 
Horizontal  variation  of  ambient  noise  (up  to  35  dB)  and  time  variation  are  both  much  greater 
than  vertical  variation.  As  stated  in  Section  3.2.4.3,  a  good  estimate  (from  1994  MMRP  data)  of 
mean  ambient  noise  level  at  75  Hz  and  120  m  depth  in  the  region  of  the  study  area  would  be 
75.8-97.6  dB.  It  follows  that  the  corresponding  noise  levels  in  the  deep  soimd  channel  would  be 
approximately  72.8-94.6  dB. 

Most  life  in  the  ocean  exists  near-surface,  in  the  photic  zone  (Castro  and  Huber,  1992) 
and  it  is  generally  appropriate  to  use  near-surface  ambient  noise  levels  for  comparison  with 
ATOC  sound  levels.  Signals  will  —  at  long  horizontal  ranges  -  be  almost  as  high  100  or  200  m 
below  the  smface  as  at  deep  soxmd  channel  axis  depth.  As  marine  mammals  are  much  more 
abundant  in  the  upper  200  m  than  at  axis  depth,  it  is  important  to  consider  ambient  noise  near  the 
surface.  For  those  animals  that  dive  to  the  axis  of  the  sound  channel  and  beyond,  ambient  noise 
levels  are  likely  to  be  2  to  3  dB  less. 

Section  1.1.3  explains  the  phenomenon  of  trapping  soimd  energy  in  the  deep  sound 
channel  for  great  horizontal  distances,  although  the  signal  level  would  be  below  ambient  there. 

Comment:  If  a  level  of  90-100  dB  in  the  (quieter)  sound  channel  is  harmful  to  fish  or 

invertebrate  reproduction,  populations  could  suffer  over  a  radius  of  about  3,500  km  at  depth 
around  the  ATOC  source;  i.e.,  over  about  1/4  of  the  entire  Pacific  Ocean,  as  calculated  by 
Scripps.  This  is  a  potentially  serious  ecological  effect,  and  yet  the  DEIS  states  that  impacts  on 
fish  and  invertebrates  are  expected  to  be  low. 

Response:  Sound  levels  of  90-100  dB,  with  ATOC  source  characteristics,  have  not 

been  proven  to  be  harmful  to  fish  or  invertebrate  reproduction.  Moreover,  these  sound  levels  are 
not  uncommon  in  the  sound  channel  (e.g.,  during  natural  evolutions  such  as  storms,  earthquakes, 
landslides,  volcanic  eruptions,  and  whale  vocalizations;  and  human-related  activities  such  as 
shipping  noise  and  seismic  profiling).  Revised  calculations  for  the  extent  of  the  ATOC  sound 
field  indicate  that  the  level  would  be  <88  dB  in  the  sound  channel  within  500  km  range. 


F-51 


ISSUE  7:  SOUND  FIELDS 

h.  150  dB  CRITERION  FOR  TEMPORARY  THRESHOLD  SHIFT 


Comment:  The  analysis  that  TTS  occurs  at  received  levels  >150  dB  is  extrapolated  from 

human  data  Hollien  (1993)  has  stated  that  lower  levels  than  this  may  cause  TTS,  and  that  it  may 
not  be  conservative  to  extrapolate  from  studies  of  underwater  hearing  in  human  ears  (which  are 
adapted  for  hearing  in  air)  to  ears  of  marine  mammals  which  are  adapted  for  underwater  hearing. 
Terrestrial  mammals  tend  to  show  TTS  wdien  exposed  to  sounds  >80  dB  above  their  hearing 
threshold.  Whether  a  similar  dynamic  range  is  characteristic  of  ears  underwater  has  never  really 
been  tested  for  marine  mammals.  Until  such  data  are  provided,  it  may  be  over-confident  to 
assume  no  impact  to  exposures  <150  dB.  The  MMRP  Advisory  Board  provided  the  following 
comment:  “ATOC  documents  assume  that  hearing  damage  and/or  TTS  will  not  occur  if  received 
levels  of  ATOC  sounds  are  <150-160  dB.  The  Advisory  Board  notes  that  this  assumption  may 
or  may  not  be  true,  but  that  there  are  no  supporting  data  from  marine  mammals.  This  and  other 
auditor}'  parameters  may  vary  widely  among  the  main  marine  mammal  groups.” 

Response:  There  are  no  broad-based,  direct,  calibrated,  quantitative,  measurements  of 

marine  mammal  TTS  underwater  that  have  been  subjected  to  lengthy  and  detailed  peer  reviews 
and  discussions.  MMRP  marine  mammal  bioacousticians  therefore  sought  indirect  evidence 
from  research  in  the  field  of  otology  (a  medical  specialty  concerned  with  the  timer  ear).  Section 
4.3. 1.1.1  of  the  EIS  explains  in  detail  the  reasoning  used  to  establish  150  dB  as  the  threshold  for 
potential  TTS  to  marine  mammals.  The  EIS  also  states:  “If  a  value  lower  than  150  dB  is 
appropriate,  then  the  received  level  that  would  cause  TTS  could  be  less  than  the  assumed  150 
dB.”  Conversely,  the  150  dB  value  could  just  as  easily  be  too  conservative,  meaning  that  it 
would  require  a  value  higher  than  150  dB  for  marine  mammals  to  incur  TTS.  Scientific  research 
always  involves  some  measure  of  uncertainty,  and  the  MMRP  proposed  here  is  no  different.  A 
key  question  is  how  great  is  the  potential  of  low  frequency  sound  for  causing  physical  auditory 
effects  on  marine  mammals?  In  order  to  put  this  question  into  proper  context,  the  following  facts 
have  been  considered: 

•  To  perceive  sound,  all  mammals,  terrestrial  and  marine,  rely  upon  the  same  anatomical 
reception  device,  the  cochlea  (Ketten,  1992).  Whales,  dolphins  and  seals  have  ears  like  land 
mammals  that  are  essentially  a  fluid-filled  bony  spiral  containing  a  resonating  membrane  and  a 
series  of  frequency-pressure-energy  detectors.  Marine  mammals’  inner  ears  are  different  from 
land  mammals  so  that  they  can  accommodate  rapidly  changing  pressures  encountered  in  deep 
dives,  and  dynamic  ranges  of  acoustic  power  several  magnitudes  greater  than  in  air.  These 
adaptations  could  possibly  decrease  the  potential  risk  of  injury  from  high  intensity  underwater 
noise  (Ketten,  1994). 

•  There  is  no  evidence  to  suggest  that  marine  mammals  have  better  hearing  acuity  in 
water  than  terrestrial  mammals  do  in  air— if  they  do,  the  150  dB  value  could  be  too  high;  if  they 
do  not,  it  could  be  too  low. 

•  For  any  marine  animal  to  detect  and  react  to  low  frequency  sound,  that  animal  must 
exhibit  sufficient  sensitivity  in  the  appropriate  frequency  band.  In  this  case  the  ATOC  source 
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frequency  band  is  57.5  Hz  >  92.5  Hz.  Currently  available  data  indicate  that  there  are  very  few 
marine  animals  that  appear  to  have  the  required  sensitivity;  among  them  are  the  baleen  whales, 
and  possibly  the  sperm  whale  and  the  leatherback  sea  turtle. 

•  Many  baleen  whales  regularly  produce  low  frequency  sounds  with  source  levels  in  the 
range  of  180-190  dB.  There  is  no  evidence  that  this  causes  self-inflicted  injury  or  TTS  (it  is 
unknown  if  they  have  an  auditory  reflex  to  protect  themselves  from  their  own  calls),  or  affects 
nearby  whales  in  any  negative  way  (there  is  no  evidence  whether  or  not  they  emit  calls  at  high 
source  levels  when  conspecifics  are  nearby);  and  it  is  unlikely  that  the  animal  calls  would  be  so 
strong  if  they  did  have  these  types  of  negative  consequences  (Richardson,  pers.  comm.,  1995). 

•  In  the  course  of  their  life  underwater,  all  marine  animals  are  subjected  to  low  frequency 
noises  from  ships,  volcanoes,  earthquakes,  landslides,  lightning  strikes,  polar  ice  movements,  oil 
and  gas  exploration  and  production  acti\-ities,  and  most  routinely,  from  storms  at  sea.  These 
sound  sources  can  generate  sound  levels  of  185-280  dB. 

•  The  National  Research  Council’s  Low-Frequency  Sound  and  Marine  Mammals; 
Current  Knowledge  and  Research  Needs  states;  “At  its  typical  speed  of  15  to  22  kts,  the  average 
supertanker  produces  a  source  level  (calculated  at  1  m  from  the  source)  having  a  spectrum  level 
(energy  in  a  1  Hz  band)  of  about  187  dB  at  50  Hz  and  about  232  dB  at  2  Hz. 

•  In  order  for  any  marine  animal  to  encounter  the  150  dB  isopleth  around  the  ATOC 
source  at  the  proposed  source  site,  it  must  be  capable  of  diving  deeper  than  670  m.  The  only 
marine  mammals  found  in  the  Hawaiian  Islands  region  that  are  known  to  have  the  capability  to 
dive  this  deep  are  the  sperm  whale,  some  beaked  whales,  and  the  leatherback  sea  turtle. 

•  On  the  rare  occasion  that  an  animal  happened  to  be  located  within  the  150  dB  isopleth 
(at  >670  m  depth)  during  the  2%-8%  of  the  time  that  source  transmissions  would  be  scheduled,  it 
is  assumed  that  if  the  animal  considered  the  sound  aimoying  during  the  5-min  ramp-up  period,  it 
would  simply  depart  the  area.  All  marine  animals  that  are  suspected  of  having  low  frequency 
hearing  capability  have  adequate  swim  speed  to  accomplish  this. 

•  If  all  the  variables  happened  to  coincide  (animal  is  low  frequency  sensitive,  is  located 
within  the  150  dB  isopleth  during  the  2%-8%  that  the  source  is  on,  and  the  animal  chooses  not 
to,  or  is  unable  to  depart  the  area  during  the  5  min  ramp-up  period,  and  remains  within  the  150 
dB  isopleth  for  most  or  all  of  the  20  min  transmission)  a  TTS  could  be  incurred  by  the  animal.  It 
should  be  noted  that  a  single  or  occasional  mild  TTS  would  not  be  life-threatening,  and  would 
have  no  long-term  effects  on  hearing  ability  (Richardson,  pers.  comm.,  1995).  It  is  expected  that 
repeat  exposures,  necessary  for  injury  beyond  TTS  (i.e.,  PTS),  would  be  very  rare  given  the 
small  size  of  the  sound  fields  compared  to  the  range  of  exposed  animals. 

Comment:  If  humpback  whale  songs  have  an  average  source  level  of  155  dB  and  range  from 

144  to  174  dB,  and  the  songs  appear  to  have  an  effective  range  of  approximately  10-20  km,  one 
should  be  able  to  use  this  information  to  calculate  expected  sound  levels  at  different  distances 
from  the  sound  source  to  estimate  the  possible  received  levels  of  humpback  whale  songs  within 
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the  apparent  effective  range  of  10-20  km.  The  estimated  received  level  at  20  km  could  be 
indicative  of  the  humpback  whale's  hearing  threshold  and  could  be  used  to  better  judge  the 
possibility  of  a  TTS. 

Response:  This  calculation  yields  a  hearing  threshold  of  approximately  80  dB  and, 

thus,  a  threshold  for  TTS  of  160  dB— which  is  generally  comparable  to  the  150  dB  value  used  in 
theEIS. 
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ISSUES:  BIOLOGICAL  ENVIRONMENT 

a.  MARINE  MAMMAL  REFERENCES 


Comment:  there  is  no  evidence  that  whales  respond  to  one  another  over  ranges  greater 

than  about  20-25  km.”  I  believe  SOSUS  data  have  shown  that  blue  whales  change  course  to 
avoid  Bermuda  at  ranges  greater  than  20-25  km,  which  may  mean  they  are  listening  to  far  away 
acoustic  clues. 

Response:  Until  any  data  that  supports  this  belief  is  processed,  analyzed,  and 

subjected  to  peer  review,  it  must  be  stated  that  there  is  no  evidence  that  whales  respond  to  one 
another  over  ranges  greater  than  about  20-25  km  (Watkins,  1981b).  Furthermore,  reactions  to 
conspecifics  vs.  possible  reactions  to  a  huge  immobile,  inanimate  object  (Bermuda)  are  not 
comparable  phenomena  (Richardson,  pers.  comm.,  1995). 

Comment:  Section  3.3.1  is  sloppy.  There  are  good  primary  references  to  many  of  the  points 

made,  rather  than  the  secondary,  tertiary  or  personal  communications  that  are  cited. 

Response:  Many  of  the  secondary,  tertiary  and  personal  communications  references 

have  been  replaced  in  the  EIS  by  primary  references. 

Comment:  Tables  4.3. 1.1. 1-1  and  4.3.1.2.1-1  could  be  made  more  useful  by  adding  a  column 

indicating  the  known  or  presumed  biological  functions  of  the  vocalizations  listed  in  the  colunm 
titled  “Signal  Type.” 

Response:  The  few  data  that  are  available  are  either  included  in  the  text  of  the 

document,  or  available  in  the  references  cited.  The  addition  of  this  information  in  these  tables  is 
beyond  the  scope  of  the  document;  moreover,  much  of  what  would  have  to  be  included  would  be 
of  a  speculative  nature. 

Comment:  The  DEIS  clearly  demonstrates  that  there  is  a  lack  of  information  regarding 

baseline  conditions  for  certain  biological  resources  at  the  preferred  sound  source  site.  There  is  a 
critical  need  for  sampling  and  monitoring  to  verify  assumptions,  especially  given  the  known 
biological  richness  of  the  area.  The  FEIS  should  clearly  address  this  information  gap  and 
describe  existing  and  proposed  sampling,  monitoring  and  survey  activities  which  will  be 
implemented  to  ensure  adequate  baseline  data  are  obtained  prior  to  commencement  of  the  ATOC 
feasibility  study. 

Response:  The  preparers  agree  with  the  need  for  baseline  data.  Existing  pertinent 

data  bases  are  either  included  or  described  in  the  FEIS,  and  proposed  activities  are  described  in 
detail  in  Appendix  C. 

Comment:  Table  4.3. 1.3. 1-1  and  the  corresponding  discussion  usefully  could  be  expanded  to 

include  a  description  and  discussion  of  underwater  sounds  produced  by  southern  hemisphere 
pinnipeds,  particularly  the  Weddell  seal. 
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Response:  This  information  is  deemed  to  be  inconsequential  to  the  purpose  of  this 

EIS,  particularly  for  the  Weddell  seal,  which  inhabits  Antarctica. 
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ISSUE  8:  BIOLOGICAL  ENVIRONMENT 

b.  POPULATION  ESTIMATES  ONCLUSIYE  OF  DIVING  ANIMALS  AND  MULTIPLE 

TAKES) 


Comment:  It  is  noted  that  short-finned  pilot  whales  essentially  vanished  firom  southern 

California  waters  (cause  unknown,  perhaps  El  Nino).  This  raises  an  important  question:  “if  one 
or  more  species  show  a  population  change  during  this  two-year  study  and  there  is  an  El  Nino  or 
other  “ejdrinsic”  event,  how  will  “blame”  be  assigned?”  For  example,  could  the  MMRP’s 
conclusions  be  disputed  on  the  grounds  that  local  boat  traffic  had  increased  above  some  unknown 
threshold  during  the  period?  I  see  this  as  insoluble,  and  it  vividly  illustrates  the  need  for  more 
basic  research  on  the  natural  history  of  marine  mammals  so  that  we  understand,  or  at  least  can 
quantify,  non-anthropogenic  population  fluctuations. 

Response:  The  MMRP  Research  Protocol  emphasizes  the  ability  to  detect  any  acute 

or  short-term  effects  (Table  C-1)  on  a  marine  mammal  that  could  be  related  to  ATOC  source 
transmissions.  The  EIS  explains  the  methodologies  available  for  the  MMRP  to  determine  if 
there  may  be  any  other  short-term  effects  firom  exposure  to  the  signals  (i.e.,  behavioral  disruption 
and  habituation),  or  long-term  effects  (i.e.,  displacement,  stress,  masking),  or  indirect  effects 
(i.e.,  impact  on  the  food  chain).  If  one  or  more  species  would  show  a  measurable  population 
change  (via  aerial  survey  techniques)  during  the  proposed  ATOC  operations,  all  known  and 
quantifiable  extrinsic  oceanic  events  (natural  and  human-made)  would  be  included  to  the  greatest 
extent  feasible  in  the  final  analysis  of  the  MMRP  Research  Team  to  attempt  to  ascertain  the  most 
likely  reason  for  the  change. 

There  is  indeed  a  need  for  more  basic  research  on  the  natural  history  of  marine  mammals. 

Comment:  The  statement  in  the  Executive  Summary  that  “estimates  of  the  numbers  of 

animals  that  could  be  affected  were  high  because  NMFS  recommended  including  estimates  of 
populations  for  the  entire  eastern  Pacific  stocks  of  most  species  as  “worst  case”  or  “upper  boimd” 
scenario”  is  deliberately  misleading.  The  reason  that  entire  eastern  Pacific  stocks  of  some 
species  needed  to  be  included  is  that  the  whole  of  these  populations  could  (were  thought  to) 
migrate  within  the  area  influenced  by  ATOC  (Zone  of  Influence).  Also,  the  estimates  may  very 
well  not  be  high-may  even  be  low,  since  multiple  takes  of  the  same  individual  are  not 
considered  in  the  estimates. 

Response:  As  noted  previously,  in  the  absence  of  data  on  the  potential  effects  on 

marine  mammals,  it  is  not  possible  to  accurately  estimate  the  numbers  that  could  potentially  be 
harassed  by  low  firequency  sound  transmissions.  Thus,  NMFS  recommended  including  estimates 
of  species/populations  for  entire  Pacific  stocks.  However,  it  is  inconceivable  that  the  entire 
population  of  any  animal  species  could  migrate  within  the  area  influenced  by  the  ATOC  source 
transmissions  (particularly  if  the  zone  of  influence  were  established  as  the  120  dB  sound  field- 
see  Section  2.2.1  soxmd  field  plots).  Theoretically,  animals  could  be  exposed  during  each  source 
cycle  “on”  period;  exposures  which  would  be  considered  multiple  takes. 
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Comment:  In  Section  4.3 . 1 .2. 1 ,  there  is  a  calculation  of  the  number  of  sperm  whales  likely  to 

come  within  the  150  dB  contour.  When  calculations  are  carried  out  correctly  (including  the 
whales  missed  when  diving,  the  proportion  of  time  at  depth,  the  tidal  sampling  and  the  mean 
speed  of  movement  of  whales),  the  number  of  sperm  whales  affected  is  increased  by  more  than  a 
factor  of  100. 

Response:  That  calculation  is  in  error  in  the  DEIS,  and  it  is  corrected  in  the  FEIS. 

Based  on  best  available  data  and  information  from  NOAA  (NMFS/SWFSC,  1995),  the  number 
of  whales  that  could  potentially  be  affected  is  increased  by  a  factor  of  1.5  (i.e.,  1.5%  of  the  total 
N.  Pacific  population  vice  1%  in  the  DEIS),  not  by  a  factor  of  100. 

Comment:  Are  population  estimates  corrected  for  diving  animals  being  missed  on  surveys 

(table  3.3. 1-1)?  If  not,  numbers  of  sperm  and  beaked  whales  will  have  been  serious 
imderestimates. 

Response:  Sperm  and  beaked  whales  are  underestimated  in  the  DEIS  as  no  correction 

factors  were  applied.  The  EIS  applies  appropriate  correction  factors  for  these  species  (1.5x  vice 
l.Ox  for  sperm  whales,  2.0x  vice  l.Ox  for  beaked  whales)  based  on  information  from  NOAA 
(NMFS/SWFSC)  (Barlow,  pers.  comm.,  1995). 

Comment:  .  The  population  estimates  for  the  proposed  sound  source  area  seem  unusually  low. 
The  numbers  are  compounded  by  calculations  of  average  densities  in  the  study  area  (e.g.,  less 
than  1  sperm  whale  per  1000  km*).  Most  of  the  marine  mammal  species  do  not  travel  singly,  so 
this  evenly  spread  distribution  does  not  reflect  the  patchy  nature  of  marine  mammal  populations. 
Where  the  probability  states  that  1  animal  may  be  affected,  the  actual  number  of  affected  animals 
is  likely  to  be  somewhat  larger  (e.g.,  small  cetaceans,  pods  may  be  counted  in  hundreds  or 
thousands;  California  sea  lions  also  travel  in  groups,  as  do  sperm  and  other  whales). 

Response:  Most  marine  mammal  species  do  not  travel  singly.  However,  in 

attempting  to  use  pertinent  statistics  to  illustrate  the  potential  for  an  animal,  or  animals,  being  in 
proximity  to  the  source  during  transmission,  it  is  inherently  difficult  to  account  for  the  patchiness 
of  populations.  Thus,  in  order  to  ensure  conservative  calculations,  one  or  more  of  the  variables 
have  been  increased  to  account  for  the  possibilit}'  of  multiple  animals  and  the  patchiness  of 
populations  (e.g.,  it  is  assumed  that  sperm  whales  spend  10-20  %  of  their  time  at  depths  >670  m, 
when  in  actuality  they  probably  spend  less  then  10%  of  their  time  below  670  m  [Lockyer,  1978]). 

Comment:  The  DEIS  does  not  consider  the  possibility  of  impacts  beyond  the  immediate 

vicinity  of  the  source,  choosing  instead  to  limit  the  discussion  of  impacts  to  those  that  marine 
wildlife  might  experience  near  the  source.  In  so  doing,  the  DEIS  underestimates  the  true 
potential  impacts  of  the  transmissions.  How  will  researchers  detect,  observe,  and  monitor  distant 
marine  animals  avoiding  the  project  and  sound  source  area?  What  about  those  that  are  not  at  the 
surface,  but  at  depth?  And,  those  that  cannot  be  acoustically  tracked  because  they  are  not 
vocalizing? 
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Response:  Although  the  1994  NRC  report  downplays  the  use  of  120  dB  as  a  criterion 

for  a  level  of  sound  that  has  been  identified  informally  as  a  level  above  which  acoustic  effects  on 
marine  mammals  might  occur,  the  MMRP  has  chosen  to  err  on  the  conservative  side  and  use  that 
value  as  an  outer  sound  field  boundary  for  dedicated  observation  and  monitoring  efforts.  Section 
2  gives  the  estimates  for  the  radius  and  areal  extent  of  this  sound  field,  which  delineates  the 
region  that  the  MMRP  must  focus  upoiL 

Animals  that  are  not  at  the  surface  during  visual  survey  and  observation  efforts,  and  do 
not  vocalize  while  underwater  in  the  local  area,  will  necessarily  have  to  be  accounted  for  using 
the  best  available  correction  factors  from  NOAA/NMFS/SWFSC  (Barlow,  pers.  comm.,  1995). 
Animals  that  vocalize  while  below  the  surface  will  be  monitored  acoustically  (see  Appendix  C 
for  estimates  of  acoustic  coverage  passive  hydrophone  arrays  expected  to  be  used  during  the 
MMRP). 
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ISSUE  9:  POTENTIAL  FOR  PHYSICAL  AUDITORY  EFFECTS 

a.  CRITERIA  FOR  POTENTIAL  PHYSICAL  DAMAGE  AND  FOR  PERMA 
THRESHOLD  SHIFT  fPTSV  TEMPORARY  THRESHOLD  SHIFT  OTS^ 


Comment:  Is  1 50  dB  the  appropriate  level  above  which  physical  damage  will  occur? 

Commenters  dispute  Ketten's  calculations  of  levels  which  produce  a  TTS,  and  suggest  that  TTS 
could  occur  at  levels  of  less  flian  120  dB.  Further,  commenters  estimate  that  such  levels  could  be 
encountered  as  far  away  as  40  km  or  more  from  the  source. 

Response:  It  is  acknowledged  that  Ketten's  figures  are  estimates,  based  upon 

extrapolations  from  other  mammals.  Thus,  it  is  possible  that  TTS  may  occur  at  levels  somewhat 
different  from  those  calculated.  However,  the  following  points  are  relevant: 

1)  Ketten  chose  the  150  dB  level  as  the  limit  for  TTSs  because  TTSs  have  been  produced 
in  humans  with  underwater  soimd  sources  at  levels  of  150-180  dB  for  frequencies  between  700 
and  5600  Hz,  the  most  sensitive  range  of  human  hearing.  It  is,  however,  stated  that  TTS  could 
occur  in  mysticetes  at  levels  less  than  the  150  dB  level.  Hastings  (1991)  has  stated  that,  within 
the  50-2000  Hz  frequency  band,  received  levels  below  150  dB  should  not  cause  physical  harm  to 
fish. 


2)  For  permanent  damt^e  to  occur,  the  animal  must  either  be  near  the  damaging  sound 
level  for  a  prolonged  period  of  time,  or  the  level  must  be  far  above  that  at  which  slight  TTS  is 
first  evident.  In  humans,  the  “80  dB  above  threshold”  criterion  for  the  likely  onset  of  PTS 
applies  to  8  hours/day  of  exposure  for  something  on  the  order  of  10  years.  In  humans,  the 
received  level  must  be  fer  more  than  80  dB  above  threshold  in  order  for  PTS  to  occur  as  a  result 
of  a  single  exposure. 

3)  It  is  important  to  put  some  context  into  the  level  of  sound  (both  natural  and  non- 
ATOC  human  produced)  encountered  daily  by  marine  mammals  in  order  to  better  examine 
whether  TTS  or  PTS  is  likely  to  occur.  A  number  of  natural,  physically-produced  ocean  soimds 
have  broadband  energy  levels  in  excess  of  120  dB  (e.g.,  ocean  storms,  volcanic  eruptions,  and 
earthquakes)  (Section  1.1).  The  dominant  calls  of  blue  and  fin  whales  (10-30  Hz)  have  source 
energy  levels  of  about  160-188  dB  (Cummings  and  Thomson,  1971;  Watkins,  1981).  It  is 
unlikely  that  the  animals  would  be  producing  sound  at  levels  which  would  damage  their  own 
hearing.  In  addition,  several  common  human-produced  sounds  have  energy  levels  which  exceed 
120  dB  (e.g.,  geological  exploration  devices,  recreation  vessels,  container  ships,  supertankers, 
offshore  oil  rigs).  Thus,  marine  mammals  regularly  encounter  or  produce  sound  levels  which 
may  exceed  the  120  dB  level. 
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ISSUE  9:  POTENTIAL  FOR  PHYSICAL  AUDITORY  EFFECTS 

c.  SPERM  WHALE  DIVING  PATTERNS 

Comment:  The  statement  that  sperm  whales  make  deeper  dives  in  deeper  waters  and 

therefore  would  not  reach  the  ATOC  source  (referenced  to  Rice  [1989])  is  wrong.  Sperm  whales 
caimot  dive  below  the  ocean  floor,  but  in  shallower  waters  (e.g.,  ca  850  m),  they  will  often  dive 
to  it 

Response:  The  DEIS  did  not  imply  that  sperm  whales  make  all  of  their  deep  dives  in 

deeper  waters,  thus  not  reaching  the  ATOC  source.  Watkins  et  al.  (1985)  reported  that  long 
dives  by  sperm  whales  are  exceptional.  Lockyer  (1978)  observed  that  99.5%  of  all  dives  are  less 
than  45  min  long,  and  96.7%  are  less  than  30  min.  Lockyer  also  reported  that  99.9%  of  all  dives 
are  less  than  1000  m  deep,  88.3%  less  than  600  m,  and  77.1%  less  than  500  m. 

Rice  (1989)  stated  that  these  animals  generally  make  dives  >800  m  in  much  deeper  water, 
and  that  crustaceans  (on  the  bottom)  are  rarely  eaten.  However,  it  is  believed  that  sperm  whales 
sometimes  do  grub  for  food  along  the  sea  bottom  (Leatherwood  and  Reeves,  1983)  in  shallower 
water  (<850  m).  The  EIS  also  acknowledges  that  sperm  whales  off  Dominica  in  the  Atlantic 
Ocean  appear  to  commonly  dive  almost  to  the  bottom  (Watkins  et  al.  [1993]),  where  shallow 
water  (<200  m)  is  found  from  2-10  km  offshore.  However,  because  sperm  whale  dive  depths  no 
doubt  depend  on  local  food  availability,  depth-of-dive  data  from  other  parts  of  the  world  are  only 
indirectly  relevant. 

Based  on  Lockyer’s  data,  it  appears  that  sperm  whales  reach  the  depth  of  the  source’s  150 
dB  isopleth  (>  670  m)  less  than  12  out  of  every  100  dives.  This,  coupled  with  the  requirement 
that  the  animal  would  have  to  be  almost  directly  over  the  source  to  encounter  the  150  dB 
isopleth,  leads  to  the  conclusion  that  the  possibility  of  this  occurrence  is  quite  low. 
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ISSUE  10:  POTENTIAL  FOR  BEHAVIORAL  DISRUPTION 

a.  POTENTIAL  FOR  ATTRACTION  OF  LARGE  NUMBERS  OF  MARINE  ANIMALS  TO 

THE  ACOUSTIC  SOURCE 


Comment:  If  animals  were  curious  about  the  ATOC  sound,  wouldn't  they  be  attracted  to  the 

somce  site,  disrupting  their  normal  behavior? 

Response:  As  noted  in  the  EIS  (Section  4.3 . 1. 1 . 1 ),  when  recordings  of  humpback 

whale  sounds  were  played  back  to  other  humpbacks,  they  were  attracted  to  the  soxmd  source. 
(Mobley  et  al.,  1988).  However,  in  all  other  cases  of  noise  exposure  (Section  4.3. 1.1.1),  baleen 
and  toothed  whales  were  not  attracted  to  the  source  of  the  sound  but,  rather,  exhibited  some  level 
of  avoidance  or  simply  ignored  it  (Richardson  et  al.,  1991).  Various  whales  apparently  are 
attracted  to  boats  (mainly  whale-watching  vessels)  after  the  animals  have  become  habituated  to 
them  (Watkins,  1986).  There  are  also  other  references  to  “ship-seeking”  in  minke  whales  (Joyce 
et  al.,  1989);  Borchers  and  Haw,  1990)  and  the  “curious  whale”  phenomenon  in  gray  whales 
(Swartz  and  Jones,  1981;  Jones  and  Swartz,  1984, 1986).  Whether  these  phenomena  are  relevant 
to  ATOC  is  unknown  at  this  time.  See  also  Section  4.3.2.2.1  for  a  discussion  of  the  potential  for 
attraction  of  sharks  to  low  frequency  sounds. 
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ISSUE  10:  POTENTIAL  FOR  BEHAVIORAL  DISRUPTION 
c.  MIGRATION  PATTERNS 


Comment:  Could  ATOC's  signals  disrupt  marine  animals’  migration  patterns?  Initial 

findings  from  MMRP  baseline  data  collection  efforts  suggest  that  some  individual  humpback 
whales  may  be  repeatedly  exposed  to  the  sound  source  due  to  variable  travel  patterns,  counter  to 
the  assumption  that  they  are  transient  migrants  in  the  study  area. 

Response:  This  question  has  been  addressed  in  detail  in  Section  4  of  the  EIS.  Some 

temporary  change  in  swim  direction,  typical  of  object  avoidance  behavior,  has  been  noted  during 
several  acoustic  playbacks  of  human-made  sounds  on  migrating  marine  mammals.  There  is  no 
evidence  that  a  minor  change  in  an  animal's  track  could  have  a  significant  impact  on  its 
migration  pattern  (Richardson,  pers.  comm.,  1995).  Migrating  bowheads  seem  to  avoid 
drillships  and  their  associated  support  vessels  by  at  least  10,  and  sometimes  20  or  more,  km 
(LGL  and  Greeneridge,  1986).  Although  source  levels  of  those  vessels  are  roughly  similar  to 
those  of  ATOC,  any  comparison  must  take  into  account  the  fact  that  the  ATOC  source  is  at  850 
m  depth  and  its  duty  cycle  is  2-8%.  Nevertheless,  if  the  ATOC  source  were  located  in  proximity 
to  any  marine  animal’s  migration  path  or  corridor,  it  could  cause  an  adverse  impact.  However, 
based  on  the  best  available  data,  its  location  14.7  km  off  the  north  shore  of  Kauai  is  not  in  the 
vicinity  of  the  migration  path  for  any  marine  animal. 

The  EIS  does  not  portray  the  humpbacks  that  inhabit  the  Kauai  area  as  transient  migrants. 
In  fact.  Section  3. 3. 1.1  describes  the  densities  of  humpback  whales  and  their  locations  around 
Kauai  during  three  MMRP  data  collection  efforts,  two  during  1993  and  one  during  1994.  Based 
on  these  data,  a  very  small  number  of  whales  would  be  expected  to  be  located  within  the  120  dB 
soimd  field  of  the  proposed  source. 
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ISSUE  10: 
d.  ASSESS 

abandq: 


POTENTIAL  FOR  BEHAVIORAL  DISRUPTION 

OF  BEHAVTQRAL  DISRUPTIONS  AND  AVOIDANCE/ 


Comment:  Behavioral  changes  generally  are  detected  at  sound  intensities  higher  than  the 

levels  at  which  the  soimds  would  be  barely  detectable— we  do  not  know  what  levels  are  barely 
detectable  to  whale  species,  nor  are  we  likely  to  detect  anything  but  the  most  gross  behavioral 
changes. 


Response:  The  MMRP  has  adopted  the  MMC  recommendations  concerning  criteria 

for  ascertaining  any  non-negligible  effects  (i.e.,  acute  or  short-term  effects)  on  marine  mammals 
and  other  sea  life  (see  Executive  Summary,  Section  4,  Appendix  C,  and  responses  to  Issue  6 
above).  All  available  marine  mammal  abundance  and  distribution  data  from  aerial,  ship  and 
shore-based  visual  surveys  have  been  incorporated  into  the  MMRP  research  protocol.  These  data 
sets  and  the  results  of  the  statistical  power  analysis  (Appendix  C)  provide  the  starting  point  for 
assessing  any  potential  for  avoidance  and/or  abandonment  during  and  after  ATOC  acoustic 
transmission  periods  (both  for  the  MMRP  Pilot  Study  and  for  the  proposed  MMRP  follow-on 
research  related  with  ATOC  feasibility  operations). 


Comment:  Singing  by  humpback  whales  in  Hawaiian  waters  is  heard  throughout  the  winter 

season  day  and  night.  In  one' study,  sounds  were  recorded  from  the  Barking  Sounds  Pacific 
Missile  Range  Facility  located  on  the  north  shore  of  Kauai.  Recordings  were  made  for  five- 
minute  intervals  on  the  hour  every  two  hours  throughout  the  24  hour  day,  throughout  the  season. 
There  was  no  time  during  that  period  when  song  was  not  heard.  Singing  is  performed  by  males 
and  appears  in  the  least  to  maintain  spacing  between  singers  at  several  kilometers,  and  possibly 
to  provide  information  to  female  listeners  about  the  fitness  of  the  singer.  The  male  whales  must 
be  listening  to  each  other's  songs,  since  they  copy  each  other's  songs.  Singers  have  been 
observed  to  stop  singing  and  join  with  other  whales,  possibly  females,  who  are  at  distances  of 
several  kilometers. 


Response:  The  MMRP  Research  Team,  made  up  of  marine  mammal  biologists,  is 

aware  of  the  mentioned  humpback  whale  behavioral  patterns  north  of  Kauai.  Section  4  describes 
in  detail  the  potential  for  impact  to  this  species  in  the  study  area,  and  Appendix  C  delineates  how 
the  MRT  plans  to  collect  data  to  address  the  null  hypothesis  that  ATOC  signals  would  not  cause 
humpbacks  to  modify  their  singing. 
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ISSUE  11:  POTENTIAL  FOR  HABITUATION 


a.  MARINE  ANIMAL’S  PERCEPTION  OF  THREATENING  SOUNDS  (RELATIVE  TO 
FEEDING  ACTIVmn  AND  POTENTIAL  FOR  HABITUATION  DUE  TO  HEARING  LOSS 


Comment:  Since  the  ATOC  sound  is  novel,  the  reaction  of  marine  mammals  to  the  sound 

cannot  be  predicted.  Physiological  damage  as  a  resrilt  of  habituation  to  a  sound  source  could 
occur.  If  there  is  behavioral  habituation  to  intense  sounds,  animals  might,  to  their  detriment,  re¬ 
enter  regions  with  dangerously  high  sound  levels,  thereby  risking  additional  hearing  loss. 
Finally,  while  marine  mammals  have  the  capacity  to  leave  the  area  during  the  ramp-up  period 
they  may  remain  in  the  area  if  engaged  in  a  critical  activity,  such  as  feeding. 

Response:  In  the  case  of  baleen  whales,  those  that  have  been  studied  often  show 

avoidance  reactions  to  steady  low  frequency  sounds  at  received  levels  well  below  those 
speculated  to  cause  TTS  and  far  below  those  that  might,  upon  brief  exposure,  result  in  PTS. 

Even  for  a  near-surface  source,  it  seems  very  unlikely  that  baleen  whales  would  suffer  hearing 
damage  as  a  result  of  failure  to  move  away  from  a  strong  sound  source.  This  is  even  more 
unlikely  in  the  case  of  a  source  that  is  so  deep  that  it  is  doubtful  baleen  whales  could  dive  deep 
enough  to  enter  the  area  where  TTS  is  a  possibility. 

Although  the  ATOC  soimds  may  be  novel,  the  reactions  of  whales  to  other  novel  sounds 
have  been  documented  (Section  4.3).  One  response  is  habituation  to  those  sounds  that  are  not 
linked  with  harmful  events.  The  ATOC  signal  would  not  be  directly  linked  with  any  adverse 
stimuli;  e.g.,  periodic  or  recurrent  harassment  from  boats,  or  airplanes.  MMRP  aerial 
observations  and  surveys  would  be  conducted  both  during  source  transmission  “on”  and  “off’ 
periods.  Any  potential  disturbance  of  marine  mammals  from  the  aerial  observations  themselves 
should  be  considered  separate  and  distinct  from  potential  effects  caused  by  the  underwater 
acoustic  transmissions,  and  would  be  expected  to  be  of  no  greater  consequence  (i.e.,  minimal  to 
negligible)  than  standard  aerial  surveys  for  which  numerous  permits  have  been  issued. 

Thus,  it  is  possible  that  whales,  if  they  chose  to  stay  in  the  area,  could  habituate  to  the 
ATOC  sounds.  However,  habituation  is  also  only  one  possible  response  to  the  sound  source. 
Given  the  relatively  short  duration  of  the  sound  (20  min),  the  warning  or  ramp-up  period,  and  the 
ability  of  the  animals  to  leave  the  area,  habituation  may  not  be  the  most  likely  option. 

Comment:  In  the  ATOC  context,  it  is  simply  bad  science  to  attempt  to  study  the  impact  of 
sound  in  a  system  where  the  most  sensitive  animals  presumably  departed  years  ago,  and  the 
remaining  ones  are  likely  to  have  habituated  to  anthropogenic  sounds.  To  the  extent  that  Kauai 
is  such  a  system,  the  MMRP  (and  hence  ATOC)  site  should  be  moved  to  an  alternative  location. 

Response:  The  response  above  answers  this  comment  in  part.  There  is  no  evidence 

that  the.  most  sensitive  humpback  whales  have  avoided  Hawaiian  waters  or,  that  the  mammals 
that  do  make  this  area  their  winter  home,  have  become  habituated  to  anthropogenic  sounds.  See 
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Section  2.2  for  detailed  discussion  of  the  rationale  for  selecting  Kauai  as  the  preferred  site,  which 
includes  the  factor  of  requiring  a  statistically  significant  density  of  animals  with  which  to 
conduct  research  in  order  to  derive  meaningful  results. 
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ISSUE  12:  POTENTIAL  FOR  LONG-TERM  EFFECTS 
a.  METHODOLOGY  FOR  MEASUREMENT  OF  ANY  LONG-TERM  EFFECTS 


Comment:  There  are  a  number  of  potential  long-term  effects  that,  while  subtle,  may  be 

important  to  marine  mammals.  Effects  may  occur  at  the  individual  level  through  hearing  loss  and 
stress-related  responses.  They  may  also  occur  at  the  population  level  via  reproductive  and 
survival  rates  or  by  shifting  marine  mammal  distribution  from  areas  that  are  important  habitats 
for  certain  activities,  such  as  feeding  and  breeding.  Impacts  that  are  individually  minor  may  be 
collectively  significant  over  time.  It  is  the  long-term  effects  which  are  of  greatest  concern  for  the 
health  and  recovery  of  the  North  Pacific  humpback  whale  population;  however,  the  long-term  ‘ 
effects  on  individual  animals  or  on  the  utilization  or  effectiveness  of  the  Kauai  habitat  will  not  be 
possible  to  evaluate.  The  ATOC  project  does  not  have  a  specific  program  that  can  adequately 
monitor  potential  long-term  responses  to  the  sound  source,  particularly  for  cetaceans,  and  for 
adverse  impacts  on  population  growth  rates  for  large  whales.  What  statistical  significance  will 
be  required  before  a  determination  of  unacceptable  long-term  effects  will  be  made? 

Response:  Based  on  current  knowledge  of  the  natural  history  of  the  animals  in  the 

study  area,  we  do  not  expect  exposure  to  the  sound  source  to  have  any  major  adverse  short  or 
long-term  effects.  The  proposed  area  to  be  ensonified  is  relatively  small  in  relation  to  the 
animals’  known  home  ranges.  The  structure  of  the  proposed  duty  cycle  allows  a  ramp-up  period 
in  which  animals  that  are  sensitive  to  the  sound  can  avoid  the  area.  It  is  expected  that  any 
extreme  effects  would  be  prefaced  by  some  change  in  the  behavior  of  the  animal.  The  MMRP 
will  monitor  the  distribution,  abundance  and  behavior  of  animals  in  the  area  to  attempt  to  detect 
these  changes. 

In  addition,  independent  long-term  monitoring  of  humpback  whale  and  Hawaiian  monk 
seal  populations  in  the  Hawaiian  Islands  is  occurring  at  present,  and  will  continue.  From  this 
information,  we  will  be  able  to  detect  any  large  changes  in  population  size,  and  possibly  pupping 
and  calving  rates. 

The  main  effect  one  would  expect  to  find,  if  animals  were  affected  by  the  sound,  would 
be  a  temporary  change  in  the  abundance/distribution  in  the  area  during  the  times  of  transmission. 
There  is  no  reason  to  believe  that  an  animal  would  opt  to  stay  in  an  area  that  is  stressful/painful 
if  other  options  are  available. 

Given  the  low  probability  that  an  individual  animal  will  be  exposed  to  high  sound  levels, 
the  limited  sensitivity  of  many  animals  to  the  frequency  and  level  of  sound  produced,  and  the 
ability  of  all  animals  to  leave  a  non-critical  habitat,  we  suspect  that  the  cumulative  effects  of  the 
soimd  source  will  be  low.  If  no  adverse  short-term  effects  are  detected  during  the  Pilot  Study, 
and  the  project  continues,  the  population  health  will  be  monitored  by  the  previously  mentioned 
ongoing  longer-term  research. 

The  monitoring  for  potential  long-term  effects  on  cetaceans,  with  the  possible  exception 
of  sperm  whales,  is  more  problematical;  however,  MMRP  marine  biologists  would  work  with  all 
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pertinent  organizations  (e.g..  University  of  Hawaii,  Kauai  CAG,  etc.)  in  attempting  to  ascertain 
any  change  in  distribution  or  abundance  of  toothed  whales  over  time.  The  significance  to  be 
applied  for  determination  of  unacceptable  long-term  effects  is  listed  in  the  Executive  Summary. 
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ISSUE  12:  POTENTIAL  FOR  LONG-TERM  EFFECTS 
b.  POTENTIAL  FOR  PHYSIOLOGICAL  STRESS 


Comment:  In  free-ranging  cetaceans,  physiological  effects  (e.g.,  stress)  are  extremely 

difiScuIt,  if  not  impossible,  to  detect  given  the  current  state  of  scientific  and  technological 
capabilities  in  this  field  of  research.  If  marine  mammals  are  subject  to  ongoing  stress  while  in  a 
noisy  area,  then  there  could  be  long-term  effects  on  the  individuals  and  the  population. 
Physiological  reactions,  such  as  elevated  heart  rate,  can  occur  even  in  the  absence  of  overt 
behavioral  responses. 

Response:  It  is  extremely  difficult  to  monitor  any  potential  stress  effects  on  marine 

animals,  and  that  behavioral  stress  probably  does  vary  greatly  among  the  different  marine 
species.  Stress  is  the  physiological  response  of  the  body  to  a  demand  made  upon  it  by  one  or 
more  external  stimuli,  the  “stressors”  (Selye,  1973).  Many  studies  of  terrestrial  mammals, 
including  humans,  have  looked  for  evidence  that  chronic  noise  exposure  causes  stress.  Some 
studies  have  provided  evidence  of  noise-induced  stress,  but  the  majority  have  been  inconclusive 
or  have  shown  no  such  evidence  (Kryter,  1985;  Majors  and  Myrick,  1990  in  Richardson  et  al., 
1991).  Marine  mammals  exhibit  some  of  the  same  stress  symptoms  as  foimd  in  terrestrial 
mammals,  judging  from  the  few  species  studied  (Thomson  and  Geraci,  1986;  St  Aubin  and 
Geraci,  1988),  but  there  has  been  virtually  no  study  of  noise-induced  stress  in  marine  mammals. 
The  one  exception  is  cited  in  Section  4.3.1. 1.1,  but  the  significance  of  this  one  study  on  white 
whales  must  be  stated  as  unknown,  particularly  in  light  of  the  short  durations  of  noise  exposure 
(Richardson  et  al.,  1991).  Thus,  it  is  not  that  the  EIS  gives  short  shrift  to  psychological/ 
physiological  stress,  but  that  there  are  no  data  points  with  which  to  establish  any  baseline  for 
assessing  whether  low  frequency  sounds  might  cause  stress  in  marine  animals.  Nevertheless, 
some,  or  all,  of  the  revised  criteria  that  would  be  used  in  the  MMRP  Research  Protocol 
(Appendix  C)  to  determine  the  potential  for  acute  and/or  chronic  effects  of  low  frequency  sound 
could  be  stress-related  (e.g.,  avoidance  or  abandonment  of  high-use  areas,  increase  in  emaciated 
or  diseased  animals,  etc.). 


ISSUE  12:  POTENTIAL  FOR  LONG-TERM  EFFECTS 

c.  CUMULATIVE  EFFECTS  (TNCLUDTNG  COMBINATION  OF  CALIFORNIA  AND 

KAUAI..SOURCE.S.QUM>S) 


Comment:  What  are  the  full  cumulative  impacts  of  ATOC  on  the  entire  biological 

environment?  If  the  cumulative  effects  of  ATOC  are  not  likely  to  be  immediately  recogni2abIe, 
do  we  not  have  a  moral  obligation  to  halt  the  project  until  such  a  time  as  we  can  be  reasonably 
sure  of  what  its  impacts  would  be?  The  DEIS  fails  to  list  present,  past,  and  anticipated  future 
projects,  including  those  inside  and  outside  the  agencies'  control,  or  to  summarize  the  expected 
environmental  effect  of  those  projects.  There  is  no  talk  in  the  DEIS  of  cumulative  impact  of  the 
ATOC  project  as  a  whole  (Kauai,  California  and  New  Zealand).  The  DEIS  notes  that  only  two 
sound  sources  are  currently  proposed  and  it  is  proposed  to  operate  these  sound  sources  2-8%  of 
the  time  (silent  92-98%  of  the  time).  The  DEIS  does  not  indicate  whether  the  sound  sources 
would  be  operated  concurrently  and,  if  not.  whether  marine  mammals,  sea  turtles,  fish,  etc.  in 
areas  between  the  two  sound  sources  could  be  exposed  to  sound  from  these  sources  for  more  than 
2-8%  of  the  time  as  indicated. 

Response:  The  potential  cumulative  impacts  of  the  ATOC  low  frequency  sound 

source  are  addressed  in  Sections  4.2, 4.3, 4.4, 4.5,  and  4.6.  Section  4.6.8  specifically  addresses 
the  potential  cumulative  impacts  of  the  Kauai  and  Pioneer  Seamount  ATOC  sources.  These 
sections  cover  all  known  present,  past,  and  anticipated  future  projects  (inside  and  outside  the 
agencies’  control)  that  are  believed  could  realistically  interact  with  the  ATOC  source 
transmissions  to  produce  a  cumulative  effect.  There  is  no  cumulative  factor  from  the  two  VLAs 
deployed  along  the  radial  between  Pioneer  Seamount  and  Rarotonga  as  they  are  strictly  passive 
listening  devices  (for  the  one  at  approxirnately  6000  km  range,  the  received  level  in  the  sound 
channel  (from  the  Pioneer  Seamount  source)  should  be  on  the  order  of  80-83  dB).  The  sound 
sources  at  Kauai  and  Pioneer  Seamount  are  not  planned  to  be  operated  concurrently,  but  the 
minimum  range  at  which  a  group  of  animals  or  an  individual  animal  might  be  exposed  to  both 
source  transmissions  sequentially  would  be  1850  km  from  either  source.  At  that  range  the 
received  sound  level  should  be  85-88  dB,  which  is  within  the  range  of  ambient  noise  conditions 
the  animal  would  normally  be  subjected  to  at  that  location,  (see  responses  above  and  Section 
4.6.8  and  Issue  7). 

Comment:  Can  the  long-term  and  cumulative  effects  of  the  ATOC  program  be  calculated 

during  the  MMRP  Pilot  Study?  The  DEIS  discussion  of  cumulative  sound  potential  is 
unacceptable,  in  failing  to  relate  the  degree  to  which  .ATOC  sound  energy  would  so  markedly 
increase  the  total  sound  impacting  marine  mammals,  who  are  already  affected  by  existing 
stressors  (e.g.,  container  ship  traffic)  that  a  response  threshold  could  be  exceeded  (causing  the 
triggering  of  a  response  that  would  not  be  produced  by  the  ATOC  sound  transmissions  alone). 

The  FEIS  should  include  an  expanded  cumulative  impact  analysis  which  evaluates  the  potential 
ripple  effect  caused  by  the  loss  or  reduction  of  prey  species  and  the  affect  of  other  activities  such 
as  commercial  fisheries,  recreation,  commercial  shipping,  and  general  harassment.  The  DEIS 
fails  to  discuss  the  cumulative  impacts  of  the  Hawaii/Califomia  feasibility  study  with  the  planned 
follow-on,  long-term  global  ATOC  project. 
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Response:  The  MMRP  Pilot  Study  is  designed  to  determine  whether  low  frequency 

sound  might  cause  acute  or  short-term  effects  (Table  C-1)  to  marine  animals.  Any  possiWe  long¬ 
term  and  cumulative  effects  would  be  addressed  in  the  follow-on  MMRP  research  phase  during 
the  remainder  of  the  two-year  project.  The  potential  cumulative  impacts  of  the  ATOC  low 
frequency  sound  source  (including  merchant  shipping  and  other  vessel-related  activities)  are 
addressed  in  Sections  4.2, 4.3, 4.4, 4.5,  and  4.6.  Also  see  responses  to  Issues  6  and  7  above.  The 
EIS  includes  cumulative  impact  analysis  of  the  potential  for  loss  or  reduction  of  prey  species 
(Sections  4.3.1. 1.1, 4.3. 1.2.1, 4.3. 1.3.1, 4.3.2.1.1, 4.3.2.2.1, 4.3.2.3.1),  and  the  potential  affect  of 
other  activities,  such  as  commercial  fisheries  (Section  4.3 .2.2,  and  see  responses  to  Issue  5 
above),  recreational  water  activities  (Sections  4.3.1. 1.2, 4.3.1.2.2, 4.3. 1.3.2, 4.3.2.1.2, 4.3.2.2.2, 
4.3. 2.3. 2),  and  commercial  shipping  (see  above).  General  harassment  is  addressed  through 
discussion  of  marine  and  near-shore  construction  and  resort  operations,  aircraft  operations,  and 
research  activities  that  could  add  cumulative  noise  stimuli  to  the  marine  environment  (Sections 
4.2, 4.3, 4.4, 4.5,  and  4.6).  Any  attempt  at  quantifying  potential  cumulative  impacts  of  the 
proposed  Hawaii  and  California  ATOC  operations  with  a  possible  follow-on  global  ATOC 
project  is  speculative  and  infeasible  at  this  time  (see  responses  to  Issue  2  comments  above). 

Comment:  Discussion  of  these  cumulative  effects  of  oceanographic  events  such  as  El  Nino 

should  be  included  in  some  form  within  the  final  EIS.  Describe  and  evaluate  the  potential 
cumulative  impacts  of  increased  low  frequency  noise  pollution,  when  added  tb  that  generated 
currently  by  oAer  known  sources  of  acoustic  research  and/or  military  activities  (e.g.,  GAMOT 
project,  anti-submarine  operations,  etc.  ^ 

Response:  El  Nino  refers  to  changes  in  the  distribution  and  depth  of  warm  equatorial 

waters,  ocean  currents  along  the  coasts  of  Chile  and  Peru,  and  changes  in  rainfall  patterns  from 
Australia  to  North  America.  It  is  correlated  with  changes  in  the  atmospheric  Southern 
Oscillation,  which  refers  to  a  trans-Pacific  relationship  in  atmospheric  (barometric)  pressure 
(Ramage,  1986).  When  the  pressure  is  high  over  the  Pacific  Ocean,  it  tends  to  be  low  over  the 
Indian  Ocean,  and  vice  versa.  Because  El  Nino  and  the  Southern  Oscillation  are  both  part  of  the 
same  general  phenomenon,  they  are  now  usually  referred  to  by  one  name;  ENSO.  El  Nino- 
Southem  Oscillation  (ENSO)  is  part  of  a  complex  interaction  of  ocean  and  atmosphere  that 
affects  a  major  portion  of  the  planet.  There  is  no  known  oceanographic,  acoustic,  or  physical 
basis  for  linking  ATOC  low  frequency  sound  transmissions  to  cumulate  with  pan-ocearini 
thermal  discontinuities  such  as  El  Nino.  ATOC's  acoustic  thermometry  would  be  capable  of 
detecting  the  temperature  signature  of  El  Nino  events,  and  would  most  likely  provide  valuable 
new  data  on  the  phenomenon. 

Sections  4.2,  4.3,  4.4, 4.5  and  4.6  describe  and  evaluate  the  potential  cumulative  impacts 
of  increased  low  frequency  noise  pollution  when  added  to  acoustic  research  and/or  military 
activities.  There  are  no  low  frequency  source  operations  currently  underway,  or  planned,  within 
the  fiamework  of  the  GAMOT  project,  that  could  possibly  cumulate  with  the  proposed  ATOC 
acoustic  source  transmissions  from  Hawaii  and/or  California. 
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ISSUE  13:  POTENTIAL  FOR  MASKING 

a.  POTENTIAL  FOR  MASKING  ACOUSTIC  SIGNATURE  OF  SEA  TURTLE  NATAL 

BEACH 


Comment:  I  would  think  that  masking  the  acoustic  signature  of  a  turtle’s  natal  beach,  to 

which  it  returns  for  nesting,  could  be  very  serious  indeed! 

Response:  Lenhardt  et  al.  (1983)  stated  that  bone-conducted  hearing  q)pears  to  be  a 

reception  mechanism  for  marine  turtles  with  the  skull  and  shell  acting  as  receiving  surfaces,  and 
that  turtles  are  capable  of  receiving  the  low  frequency  spectrum  of  the  natal  beach,  which  may 
serve  as  one  of  the  cues  in  nesting  returns.  As  tihe  DEIS  stated,  there  is  no  documented  evidence 
to  this  effect  and,  consequently,  it  must  be  considered  speculative  at  this  time.  The  concept  of 
sound  masking  from  human-made  low  frequency  sounds  (e.g.,  shipping  traffic)  in  sea  turtles  has 
not  been  studied  and  the  phenomenon,  in  fact,  is  difficult  to  apply  to  these  animals.  If  sea  turtles 
do  use  the  reception  of  low  frequency  sounds  from  their  natal  beach,  it  is  theorized  they  are  using 
surf  noise,  which  is  somewhat  higher  in  frequency  than  the  ATOC  source.  Wilson  et  al.  (1985) 
identifies  the  primary  frequency  band  for  surf  noise  as  100-700  Hz.  This,  coupled  with  the  low 
duty  cycle  of  the  proposed  source  transmissions,  and  the  lack  of  proximity  of  the  proposed 
source  site  to  known  sea  turtle  nesting  beaches,  leads  to  the  conclusion  that  the  potential  for 
masking  the  acoustic  signature  of  a  sea  turtle’s  natal  beach  is  minimal. 
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ISSUE  13:  POTENTIAL  FOR  MASKING 

b.  POTENT! AT.  FOR  MASKING  ACOUSTTG  SIGNALS  IMPORTANT  TO  MYSTICETES 


Comment:  Sizable  portions  of  the  humpback  whale  song  contain  frequencies  that  fall  within 

the  range  of  the  ATOC  sound.  In  some  sound  playback  studies  directed  toward  humpback 
whales,  responses  to  recordings  of  their  own  sounds  were  observed  at  distances  of  several 
kilometers  and  at  sound  intensity  levels  estimated  to  be  only  100-1 10  dB.  Whales  listening  to 
singers  may  be  listening  to  rather  low  intensity  levels  ifr  as  is  typical,  they  are  separated  from  the 
singer  on  the  order  of  kilometers.  The  occurrence  of  the  ATOC  sound  can  thus  mask  the  low 
frequency  portions  of  the  song,  making  it  more  difficult  for  the  listening  whale  to  detect, 
recognize,  or  judge  the  song.  What  impact  that  will  have  on  vocal  communication,  or  song 
convergence,  on  mate  selection,  cannot  be  assessed  by  any  of  the  techniques  proposed  by  the 
MMRP.  Nor  is  there  any  ready  way  to  implement  such  assessments.  Hence,  this  problem  is  of 
great  concern. 

Response:  The  function  of  low  frequency  sounds  produced  by  mysticetes  is  not  clear, 

and  it  must  be  recognized  that  one  potential  function  may  be  long-distance  communication. 

Some  elements  of  these  communications  might  be  masked  during  the  ATOC  transmissions.  The 
EIS  recognizes  this,  and  points  to  present  levels  of  human-produced  sounds  which 
mysticetes  are  presently  exposed  to  and  apparently  coping  with.  The  ATOC  duty  cycle  would 
create  a  situation  where  masking  could  possibly  influence  some  cetacean  communications 
between  2%  and  8%  of  the  time  (depending  upon  the  duty  cycle);  however  communications 
would  not  be  expected  to  be  totally  eliminated.  Vocalization  rates  of  cetaceans  measured 
acoustically  (via  the  bottom-mounted  HLA)  before,  during,  and  after  duty  cycling  during  the 
MMRP  Pilot  Study  should  provide  information  on  the  potential  level  of  interference  with 
mysticete  communication  due  to  masking. 


ISSUE  14:  PROCESSING  OF  EIS 
a.  INADEQUATE  TIME  FOR  COMMENTS 


Comment:  The  public  must  be  offered  adequate  time  and  opportunity  to  review  and  comment 

on  the  ATOC  program  in  its  entirety;  the  agency  has  failed  to  provide  this  opportunity.  From  the 
beginning  the  ATOC  office  has  been  less  than  candid  in  informing  the  public  about  the  nature  of 
the  project,  and  has  gone  to  great  lengths  to  keep  opponents  in  the  dark.  The  FEIS  should  be 
released  more  than  30  days  after  the  close  of  the  public  comment  period. 

Response:  Both  NEPA  and  HEPA  require  only  a  45  day  public  comment  period  on  a 

DEIS;  in  this  case  the  comment  period  was  ejctended  one  third  again  as  long  as  the  minimum 
required.  The  number,  degree,  scope,  and  sophistication  of  the  comments  indicates  that  the 
public  comment  period  was  adequate.  In  particular,  comments  were  received  from  a  number  of 
expert  agencies,  organizations  and  individuals  with  specialized  and  detailed  knowledge  in  the 
field.  Most  commenters  did  not  object  to  the  length  of  the  comment  period.  It  is  anticipated  that 
most,  if  not  all,  of  the  additional  comments  that  might  have  been  made  by  the  commenters 
requesting  additional  time  were  raised  by  others  and  responded  to  here.  However,  in  the  event 
that  this  assumption  is  incorrect,  and  although  not  required  by  NEPA,  comments  are  solicited  on 
the  Final  EIS  for  up  to  30  days  after  notice  of  its  availability  in  the  Federal  Register. 

This  Final  EIS  was  released  more  than  30  days  after  the  close  of  the  public  comment 

period. 
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ISSUE  14:  PROCESSING  OF  EIS 
b.  SCOPING  COMMENTS 


Comment:  Nowhere  in  the  DEIS  is  there  any  response  to  the  hundreds  of  public  comments 
that  were  made  at  the  scoping  hearings  on  April,  1994  in  Lihue  and  Honolulu.  The  response  to 
public  comments  during  die  scoping  period  is  woefully  incomplete. 

Response:  Numerous  comments  from  the  public  and  from  public  interest  groups  were 

received  during  the  scoping  hearings.  Pursuant  to  NEPA  and  HEPA  requirements,  these  were 
aggregated  into  key  issues  and  addressed  in  the  development  of  the  DEIS.  The  EIS  has  been 
prepared  to  respond  to  public  concerns  identified  through  both  the  federal  and  state  public 
scoping  processes,  in  addition  to  issues  identified  by  the  federal  and  state  lead  agencies. 

Key  scoping  issues  identified  during  the  EIS  development  process  include: 

•  Requirement  for  a  programmatic  EIS. 

•  Combining  the  Kauai  and  California  sites  in  a  single  EIS. 

•  Consideration  of  alternatives,  both  locations  and  technological. 

•  Expansion  of  the  treatment  of  biological  resources  to  include,  in  addition  to 
mammals,  sea  turtles,  sea  birds,  fish,  and  invertebrates. 

•  Addressing  the  scientific  uncertainty  surrounding  marine  mammal  response  to 
low  frequency  sound. 

•  Justification  of  the  MMRP,  especially  to  determine  if  it  is  appropriately  designed 
to  resolve  the  scientific  xmcertainty. 

•  Articulation  of  standards  of  harm  and  delineation  of  source  suspension  criteria. 

•  Addressing  adverse  impacts  on  biological  resources  which  could  indirectly  impact 
on  tourism  and  fishing. 

•  Ensuring  consistency  with  the  Hawaii  Ocean  Resources  Management  Plan  and  the 
Hawaiian  Islands  Humpback  Whale  National  Marine  Sanctuary. 

Each  of  these  issues,  as  well  as  a  large  number  of  others,  are  explored  in  detail  in  the  EIS. 
The  level  of  critique  concerning  the  MMRP  resulted  in  a  substantial  modification  of  the 
ATOC/MMRP  program,  including  a  dedicated  Pilot  Study. 

Section  1.4.3.  contains  the  EIS  overview  of  scoping  issues  and  identifies  specific 
locations  in  the  document  where  each  issue  is  treated  in  detail.  In  addition.  Appendix  D  contains 
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copies  of  the  substantive  scoping  comments  received,  strictly  complying  with  the  prescribed 
NEPA  and  HEPA  guidelines. 
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ISSUE  14:  PROCESSING  OF  EIS 

c.  FEDERAL  AND  STATE  CONSISTENCY  ISSUES  (INCLUDING  WHALE  RECOVF.RY 

ELAMS} 


Comment:  The  rationale  given  for  Conservation  District  Use  Authorization  from  DLNR 
(Section  5.2.2)  states  that  the  proposed  project  is  consistent  with  several  of  the  allowed  uses, 
under  Resources  subzone  of  the  Conservation  District  However,  the  "monitoring,  observing, 
and  measuring  natural  resources"  is  xmder  the  MMRP  and  is  not  actually  part  of  the  ATOC 
program  itself.  And  it  is  both  subjective  and  highly  debatable  that  "the  ATOC  program  is  an 
important  government  research  project  where  anticipated  benefits  outweigh  any  impact  on  the 
conservation  district."  The  DEIS  erroneously  concludes  that  the  ATOC  project  would  be 
consistent  with  other  state  and  federal  laws  and  with  the  Hawaiian  Islands  Humpback  Whale 
National  Marine  Sanctuary  and  Humpback  Whale  Recovery  Plan. 

Response:  “Monitoring,  observing,  and  measuring  natural  resources"  describes  the 

acoustic  thermometry  activities  as  well  as  the  MMRP.  Monitoring,  observation,  and 
measurement  of  ocean  temperatures  on  a  large  scale  are  the  most  basic  of  the  project’s  purposes 
and  activities.  See  discussion  in  Section  1.1.1.  As  noted,  the  MMRP  also  involves  monitoring, 
observation,  and  measurement  of  natural  resources.  Only  after  this  phase  of  the  project  shows 
that  the  ATOC  sound  source  will  not  produce  acute  or  short-term  effects  (Table  C-1)  on  marine 
animals  would  actual  ATOC  feasibility  operations  commence.  Given  this  confirmation  process, 
the  declaration  that  "the  ATOC  program  is  an  important  government  research  project  where 
anticipated  benefits  outweigh  any  impact  on  the  conservation  district"  is  justified.  See  additional 
discussion,  as  well  as  discussion  of  new  permitted  use  categories  adopted  by  DLNR,  in  Section 
5.2.2.  The  preparers  affirm  the  content  of  Sections  5.4  and  5.5,  which  address  the  last  two 
sentences  of  the  above  comment.  See  response  to  comment  4.a. 

Comment:  The  DEIS  maintains  that  ATOC  is  implementing  Goal  1.3111  of  the  Humpback 
Whale  Final  Recovery  Plan  to  "reduce  noise  disturbance  in  Hawaiian  waters."  There  are  plenty 
of  other  existing  noise  sources  that  can  be  studied  without  the  addition  of  a  new  one. 

Response:  The  Humpback  Whale  Recovery  Plan  does  not  prohibit  research  on  the 

acoustic  response  of  humpbacks  using  new  sound  sources.  It  is  believed  that  the  plan’s  authors 
recognize  the  potential  impacts  from  low  frequency  sounds  and  the  general  need  to  reduce 
acoustic  disturbances;  however,  they  do  not  prohibit  increases  in  noise,  nor  do  they  prohibit  the 
types  of  research  contemplated  by  this  project.  By  adding  to  the  much-needed  knowledge  base 
in  this  area,  the  MMRP  could  assist  in  the  identification  and  development  of  sub-sea  noise 
controls. 
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ISSUE  15:  INSUFFICIENT  KNOWLEDGE  OF  LFS  EFFECTS  ON  MARINE 
MAMMALS 


Comment:  It  is  impossible  to  estimate  the  effects  of  high  decibel,  low  frequency  sound  waves 

on  marine  mammals.  The  DEIS  acknowledges  that  "available  information  on  subsea  noise  and 
its  biological  impact  ranges  from  incomplete  to  nonexistent,”  yet  in  the  absence  of  this 
information,  it  repeatedly  defaults  to  a  conclusion  of  no  expected  significant  impact,  concluding 
that  adverse  behavioral  impacts  are  expected  to  be  minimal  and  less  than  significant.  There  is  no 
adequate  scientific  basis  set  forth  in  the  DEIS  for  these  conclusions.  The  FEIS  should  describe 
the  relevance  of  incomplete  or  unavailable  information  on  the  decision  to  proceed  or  not  proceed 
with  the  proposed  action.  Given  the  lack  of  information  on  potential  impacts,  the  FEIS  should 
persuasively  demonstrate  that  the  tradeoff  between  potential  impacts  and  information  gained  is 
justified. 

Response:  See  response  to  comments  in  Issue  6.k.  It  is  certainly  true  that  data  on  the 

potential  effects  of  low  frequency  sounds  on  marine  mammals  are  scarce.  But  it  is  not  accurate 
to  state  that  such  data  are  universally  non-existent  or  that  reasoned  judgments  based  on  available 
data  on  the  potential  effects  of  low  frequency  sound  on  marine  mammals  caimot  be  made. 

NEPA  guidelines  address  this  point  (40  C.F.R.  Sec.  1502.22),  offering  specific  directions  on  how 
to  proceed  in  the  event  there  is  incomplete  or  unavailable  information.  The  EIS  has  followed 
these  guidelines.  It  acknowledges  the  lack  of  information,  links  its  relevance  to  the  analysis, 
summarizes  existing  evidence  and  evaluates  the  impacts  based  on  available  information. 

Moreover,  the  inability  of  project  scientists  to  state  unequivocally  that  there  will  be  no  or 
little  impact  (again  based  on  scarce  data)  does  not  logically  lead  to  the  opposing  presumption; 
i.e.,  that  the  impacts  will  be  significant. 

Available  oceanographic  and  marine  biological  data  provided  in  the  EIS  is  taken  from 
existing  scientific  literature.  The  EIS  analyzes  these  data  in  arriving  at  its  appraisals  of  the 
potential  impacts  of  low  frequency  sound  on  marine  animals.  These  analyses  are  based  on  the 
evidence  supporting  the  hjqiothesis  that  impacts  will  be  negligible  and  reflect  the  project 
scientists'  understanding  of  the  literature  and  their  knowledge  of  ocean  physics,  acoustics,  and 
marine  mammal  physiology.  In  response  to  MMC  recommendations  that  the  proposed  criteria 
forjudging  possible  non-negligible  impacts  on  marine  mammals  should  be  brought  forward  from 
Appendix  C  to  Section  4  of  the  document,  the  following  has  been  added;  “If  the  study  results 
indicate  that  the  sound  transmissions  are  likely  to  have  short-term-effects  (Table  C-1),  they  will 
be  used  to  design  a  long-term  monitoring  program  to  verify  that  the  operational  ATOC  project 
has  negligible  long-term  effects.  The  following  would  be  considered  non-negligible  long-term 
effects;  1)  avoidance  or  abandonment  of  previous  high-use  areas,  2)  increase  in  at-sea 
observations  of  dead  animals  or  standings  of  either  live  or  dead  animals  in  association  with 
sound-caused  hearing  damage  or  other  trauma,  3)  increased  incidence  of  emaciated  animals  and 
stress  and  associated  disease,  4)  decrease  in  calving/pupping  rates  and/or  total  population  size.” 

In  its  report,  Lom>  Frequency  Sound  and  Marine  Mammals:  Current  Knowledge  and 
Research  Needs,  the  National  Research  Council’s  Ocean  Studies  Board  strongly  endorses 
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expanded  study  and  research  on  this  subject.  It  specifically  addresses  the  issue  of  acoustic 
oceanography  as  a  valuable  potential  source  of  data  on  deep-diving  marine  mammals  and  prey. 
Other  issues  of  concern  to  the  OSB  on  which  the  MMRP  is  designed  to  collect  data  include 
measurements  of  received  sound  pressure  levels,  behavioral  responses  to  human-made  acoustic 
signals,  and  effects  of  sound  on  migration  and  other  movement  patterns  of  marine  mammals. 

Comment:  The  lack  of  information  regarding  the  effects  of  noise  on  marine  animals  requires 

the  agency  to  investigate  this  unknown,  as  it  is  both  practicable  and  economically  feasible  to  do 
so.  NEPA  requires  agencies  to  satisfy  certain  detailed  requirements  when  they  confiront 
incomplete  or  unavailable  information.  First  the  z^encies  must  acknowledge  that  relevant 
scientific  information  is  lacking.  Second,  they  must  obtain  such  information,  with  original 
research  if  necessary. 

Response:  Section  4.3  responds  to  this  comment.  The  agencies  have  acknowledged 

that  relevant  scientific  information  is  lacking.  The  proposed  action  would  provide  such 
information. 
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ISSUE  16:  GENERAL 

a.  OBJECTIVTTY  AND  NEUTRALITY  OF  EIS 


Comment:  The  DEIS  is  not  an  objective  and  neutral  evaluation  of  the  proposed  project  but 

instead  is  impermissibly  skewed  in  favor  of  the  project  to  support  a  decision  that  already  has 
been  made.  The  DEIS  reads  more  like  a  justification  for  the  granting  of  permits  for  this  project 
than  an  objective  evaluation  of  the  risks  and  alternatives  to  the  proposed  actions. 

Response:  An  extensive  review  of  available  literature  and  other  information  sources, 

including  consultations  with  numerous  experts  in  the  field,  as  well  as  initial  baseline  research 
around  Kauai,  was  imdertaken  in  conjunction  with  the  preparation  of  the  EIS.  The  potential 
environmental  effects  of  the  project  and  substantive  comments  concerning  those  potential 
impacts  have  been  fully  considered  (see  Issue  6  comments  and  responses  above).  In  response  to 
public  comments,  text  changes  in  the  FEIS  reflect  the  preparers  adherence  to  the  requirement  for 
an  objective  and  neutral  evaluation  of  the  proposed  project,  including  the  potential  risks  and 
alternatives  to  the  proposed  action. 
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ISSUE  16:  GENERAL 

b.  NULL  HYPOTHESIS  DERIVATIQN 

Comment:  The  MMRP  should  adopt  a  null  hypothesis  that  assumes  there  is  an  adverse  effect, 

and  then  should  be  required  to  disprove  this,  rather  than  the  other  way  around. 

Response:  Selection  of  the  simplest,  or  mmimal,  assumption  (which  is  that  there 

would  be  no  adverse  effect  from  exposure  to  the  ATOC  acoustic  sotmd)  is  an  2q)propriate 
scientific  technique,  starting  with  a  hypothesis  that  is  often  referred  to  as  the  null  hypothesis  (HJ 
(Chapman  and  Schaufele,  1970).  Chapman  and  Schaufele  discuss  the  basic  philosophy 
underlying  this  type  of  testing,  outlined  as  follows.  In  most  practical  problems,  a  claim  is  made 
that  a  product  is  better  or  a  procedure  will  have  a  particular  outcome.  Following  the  argument 
that  such  claimants  be  required  to  furnish  statistical  proof  before  we  believe  them,  we  set  up  the 
null  hypothesis  that  the  product  is  not  better  or,  in  this  case,  that  the  procedure  (ATOC  source 
transmissions)  will  not  have  the  particular  outcome  (adverse  effects  on  marine  animals).  To 
reject  this  null  hypothesis  would  amount  to  acceptance  of  the  claim  that  these  low  frequency 
sounds  would  adversely  affect  marine  species.  The  emphasis  is  on  rejecting  Hg  and  tests  are 
normally  chosen  so  that  we  will  not  reject  Ho  unless  the  evidence  is  very  strong. 
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ISSUE  17:  ATOC/MMRP  RELATIONSHIP 


Comment:  The  MMRP  is  ofBcially  recognized  as  being  associated  with  ATOC  and  is  funded 

by  ATOC  (so)  that  the  results  of  its  research  may  bolster  the  argument  that  ATOC  will  not  exert 
significant  impact  on  marine  mammals.  The  MMRP  objective  is  stated  before  the  ATOC 
objective,  giving  the  impression  that  marine  mammal  studies  are  the  driving  force  behind  the 
ATOC  program.  The  information  produced  by  a  properly  constructed  MMRP  must  be  used  to 
inform  decision  makers  regarding  the  ATOC  proposal.  Who  would  make  the  decision  that 
ATOC  transmissions  should  stop  if  the  MMRP  demonstrates  adverse  impacts,  and  how  precisely 
would  that  decision  be  made? 

Response:  At  the  time  of  its  initial  funding  and  startup,  the  ATOC  project  included  a 

Marine  Mammal  Research  Program.  The  linkage  between  these  aspects  of  the  overall  effort  has 
been  openly  recognized  throughout  and  led  to  the  filing  of  scientific  research  permit  (SRP) 
applications  over  a  year  ago.  It  is  not  inappropriate  that  these  two  efforts  proceed  jointly,  as  the 
combined  efforts  of  ATOC  and  the  MMRP  offer  long-term  (1+yrs)  access  to  technology,  and  a 
demonstrated  scientific  methodology  to  measure  the  effects  of  sound,  sound  levels,  and  sound 
travel  times—critical  factors  in  achieving  the  scientific  objectives  of  both  programs. 

The  discussion  here  is  whether  each  of  these  projects  should  proceed  independently  and 
sequentially.  By  restructuring  its  original  proposal,  the  ATOC  effort  takes  a  sequenced 
approach.  The  revised  MMRP  protocol  (Appendix  C),  developed  as  a  key  mitigation  measure  in 
response  to  public  debate,  requires  a  six-month,  independently  managed  MMRP  prior  to 
commencing  any  ATOC  feasibility  operations.  Criteria  for  reacting  to  marine  mammal  and  sea 
turtle  responses,  including  termination  criteria  if  adverse  effects  are  noted,  have  been  developed 
and  clearly  presented.  If  ATOC  feasibility  operations  transmissions  are  allowed  to  start,  both 
ATOC  and  the  MMRP  would  proceed  jointly  for  the  remainder  of  the  project.  During  this  phase, 
the  MMRP  would  continue  to  collect  and  provide  information  on  marine  mammals,  as  well  as 
serve  a  protective  function  by  continuing  to  monitor  for  any  adverse  impacts  of  the  source 
transmissions.  Plans  also  include  audiometric  measurements  on  captive  cetaceans  and  one  or 
more  acoustic  playback  experiments. 

As  the  EIS  states,  the  goals  of  the  ATOC  project  are  to  make  a  contribution  toward  more 
meaningful  climate  predictions,  and  demonstrate  the  feasibility  of  the  acoustic  thermometry 
technique  for  future  global  ocean  climate  monitoring  programs.  The  objectives  of  the  MMRP 
are  to  evaluate  potential  effects  of  low  frequency  sound  on  marine  animals,  particularly  marine 
mammals  and  sea  turtles.  The  overall  scientific  research  permit  application  has  a  built-in 
condition;  i.e.,  that  ATOC  feasibility  operations  would  not  commence  if  the  system  is 
determined  by  the  Pilot  Study  to  have  acute  or  short-term  effects  (Table  C-1)  on  marine  animals, 
particularly  marine  mammals  and  sea  turtles.  Details  regarding  implementation  of  the  shut  down 
criteria  are  set  forth  in  Appendix  C. 
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ISSUE  18:  SOCIAL  ENVIRONMENT 
a.  DIVER  ISSUES 


Comment:  The  dive  tables  that  we  as  divers  use  to  calculate  our  available  bottom  time  will  be 

affected  by  ATOC  transmissions. 

Response:  The  official  U.S,  Navy  Dive  Manual  does  not  list  any  corrections  to  dive 

decompression  requirements  based  on  exposure  to  underwater  sound.  The  increased 
intrathoracic  pressmre,  as  discussed  in  the  EIS,  refers  to  the  resonant  enhancement  of  the  sound 
pressure  wave  as  it  passes  through  the  intrathoracic  cavity  of  a  fully  submerged  mammalian 
body,  such  as  a  human  swimmer  or  diver.  As  a  sound  wave  passage  is  composed  of  compression 
and  relaxation  of  the  medium  though  which  it  passes,  the  intrathoracic  pressure  increase  is 
quickly  followed  by  a  similar  pressure  decrease,  then  a  return  to  the  “before  sound  wave” 
ambient  pressure.  Therefore,  there  is  no  net  affect  on  the  pressure  a  diver  experiences,  nor  on 
“bottom  time”  determinants  such  as  nitrogen,  or  other  gas  absorption  rates,  or  tissue  saturation. 
Consequently,  “bottom  time”  limits  and  associated  decompression  reqturements  (due  to  blood 
gas  saturation  for  example)  will  not  be  affected  by  the  ATOC  sound  source. 

Reference:  U.S.  Navy  Dive  Manual,  15  February  1993,  sections  2  and  7. 

Comment:  There  appears  to  be  a  very  high  state  of  interest  from  divers  as  to  whether  they 
will  be  able  to  hear/feel  the  ATOC  transmissions. 

Response:  The  EIS  provides  sound  fields  that  are  based  on  the  predicted  propagation 

of  the  sound  source’s  energy.  The  source  itself  will  be  located  14.7  km  out  to  sea  at  a  depffi 
beyond  recreational  diving  (850  m)  As  part  of  the  mitigation  procedures,  the  output  level  and 
received  levels  of  the  ATOC  source  will  be  monitored.  Additionally,  the  sound  source  signal 
will  be  slowly  increased  before  each  transmission  to  allow  humans  and  animals  to  depart  the  area 
if  they  are  annoyed.  It  is  expected  the  source  may  be  able  to  be  heard  by  human  divers 
underwater  at  distances  up  to  approximately  30  km.  However,  at  2%  duty  cycle  (for  all  except  2 
months  of  the  project),  the  source  would  transmit  for  20  min  every  4  hrs  for  a  day  (24  hr  period), 
and  then  be  silent  for  three  days  (72  hr  period).  This  provides  an  off-duty  quiet  time  of  98%. 
Although  unexpected,  the  report  of  any  verifiable  observation  of  adverse  effects  on  human  divers 
will  be  immediately  investigated,  and  if  any  significant  adverse  effects  are  attributable  to  the 
source,  shut-down  procedures  would  be  implemented. 

Comment:  The  effects  of  vibrating  lungs  would  be  very  invasive  and  definitely  annoying  to 

all  the  species  that  will  be  subjected  to  this  experiment. 

Response:  Physical  vibration  of  the  lungs  is  an  effect  that  is  highly  dependent  on 

matching  a  resonzmt  frequency  of  the  cavity  in  a  very  high  level  sound  field  (i.e.,  very  close  to 
the  source).  The  sound  field  radius  for  which  this  phenomenon  could  possibly  occur  is  believed 
to  be  inside  the  zones  that  could  affect  hearing  and  are  thereby  covered  in  the  EIS.  Further,  as 
the  EIS  states,  at  (or  near)  the  surface,  20  Hz  appears  to  be  the  critical  frequency  for  potential 
intrathoracic  resonance;  at  30  m  depth,  40  Hz;  at  50  m  depth  50  Hz.  Given  these  data,  and  the 
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fact  that  the  ATOC  source  energy  is  spread  across  a  35  Hz  bandwidth  (not  concentrated  in  a 
narrowband  tone,  as  experimental  data  [referenced  in  the  EIS]  were),  it  is  reasonable  to  conclude 
that  the  potential  for  ATOC  source  transmissions  causing  resonance  in  any  diver  air-containing 
cavity  is  negligible. 

Comment:  The  ATOC  EIS  is  devoid  of  hard  data  concerning  the  effects  of  SOFAR 
transmissions  on  sea  life  (including  human  divers). 

Response:  The  fact  that  the  Sound  Fixing  and  Ranging  (SOFAR)  channel  is  a  very 

good  sound  guide  and  that  ATOC  transmission  effectiveness  is  based  on  the  relative  position  of 
the  ATOC  source  to  the  SOFAR  chaimel  has  been  considered  in  calculating  the  sound  fields 
around  the  ATOC  source.  The  lack  of  hard  data  on  the  potential  effects  of  SOFAR  acoustic 
transmissions  on  marine  animals  and  humans  is  recognized-the  MMRP  proposed  would  help 
reduce  this  data  shortfall. 

Comment:  ATOC  noise  will  be  impossible  to  avoid  unless  you  decide  not  to  dive  during 

transmission  times.  Not  a  pleasant  thought,  to  say  the  least,  and  possibly  a  violation  of  divers 
rights. 


Response:  The  ATOC  source  transmissions  may  well  be  audible  to  human  divers  for 

30  km  around  the  source  site.  However,  the  effect  of  hearing  the  soimd  at  the  levels  expected 
(where  human  divers  could  be  expected  to  be  located)  is  highly  subjective  and  dependent  upon 
an  individual's  underwater  hearing  sensitivity. 

Comment:  A  more  fair  comparison  of  the  noi^  of  a  whale-watching  boat  compared  to  the 

sounds  expected  near  the  shore  from  the  ATOC  transducer  would  be  to  locate  the  whale¬ 
watching  boat  at  the  same  distance  from  the  receivers  as  the  ATOC  source  vice  showing  it 
directly  o\'erhead,  as  presented  by  Prof.  Jim  Miller  at  the  Santa  Cruz  Public  Hearing  of  January 
6,  1991 

Response:  The  comparison  presented  by  Prof.  Miller  at  the  Santa  Cruz  public  hearing 

was  to  discuss  the  sound  heard  at  near-shore  diving  locations,  not  to  directly  compare  the  output 
of  the  .A.TOC  source  to  a  whale-watching  boat.  The  ATOC  source  was  clearly  stated  to  be  a 
more  powerful  source.  Its  positioning,  offshore  and  near  the  SOFAR  channel,  was  also 
explained  to  ha\'e  been  done  to  achieve  the  required  transoceanic  transmission  distance  with  the 
smallest  source  possible.  This  location  also  minimizes  effects  in  the  near-shore  areas,  where 
marine  life  is  more  concentrated. 
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ISSUE  18;  SOCIAL  ENVIRONMENT 

b.  ECONOMIC  IMPACT  fCOMMERCIAL.  RECREATIONAL.  AND  SUBSISTENCE 
FISHING') 


Comment:  The  MMRP  should  monitor  fish  stock  assessments  to  assess  whether  ATOC  is 
reducing  fish  stocks.  The  data  on  fish  seem  to  be  a  real  cause  for  concern.  Just  because  a  few  of 
the  most  acoustically  sensitive  species  that  are  known  do  not  occur  in  the  study  area,  does  not 
mean  there  aren't  species  in  the  study  area  that  are  similarly  sensitive  —  only  audiograms  from  a 
few  species  have  been  done. 

Response:  Section  4.3 .2.2  provides  detailed  discussion  of  all  pertinent  available  data 

on  the  potential  for  impact  of  low  firequency  sound  on  fish  species,  and  relates  this  information  to 
the  known  species  that  would  be  expected  in  the  study  area.  The  MMRP  includes  the  mitigation 
measure  of  attempting  to  evaluate  the  potential  for  increased  predation  on  fish,  and  the  potential 
for  impacts  to  the  behavior  of  fish  or  invertebrates,  relative  to  ATOC  source  transmissions,  by 
monitoring  fish  stock  assessments.  It  is  recognized  that  the  time  lag  for  these  data  is  measured  in 
months,  if  not  years.  All  aerial,  vessel  and  shore  survey/observation  efforts  would  dociunent  any 
unexpected  or  peculiar  activities  (examples  of  these  unexpected  events  could  include  large 
numbers  of  fish  seen  dead  or  disabled).  Further,  data  would  be  compiled  via  Western  Pacific 
Regional  Fishery  Management  Council  catch-block  landing  data;  Long-Term  Potential  Yield 
(LTPY),  Current  Potential  Yield  (CPY),  and  recent  Average  Yield  (RAY)  data  from  NMFS;  and 
interaction  with  the  Kauai  Community  Advisory  Group  (CAG)  and  local  fishermen  to  ascertain 
first-hand  if  their  catches  in  the  vicinity  of  the  source  site  have  increased,  remained  the  same,  or 
decreased.  These  efforts  would  be  concentrated  at  the  outset  of  the  MMRP,  such  that  any 
necessary  adjustments  could  be  made  as  early  in  the  program  as  possible. 

There  has  been  no  documented  evidence  in  the  oceanic  environment  of  low  frequency 
sound  transmissions  disrupting  the  fertilization  of  spawning  fish,  or  causing  premature  release  of 
their  larvae.  As  noted  in  the  EIS  (Section  4.3 .2.2. 1),  under  laboratory  controlled  test  conditions 
in  an  aquarium,  the  viability  of  the  eggs  of  one  species  of  estuarine  carp  (Cyprinodon  variegatus) 
vn?  significantly  reduced  when  a  low  frequency  noise  source  (40-1000  Hz)  at  105-120  dB, 
which  was  approximately  40-50  dB  above  ambient  noise  conditions,  was  maintained  over  a 
number  of  consecutive  days.  Although  at  first  it  appears  that  this  lab  test  might  be  relatable  to 
ATOC  source  transmissions,  it  must  be  noted  that  there  are  significant  differences  between  the 
laboratory  test  protocols  and  ATOC  acoustic  parameters:  1)  the  test  fish  were  river  carp,  not 
found  off  the  north  shore  of  Kauai,  or  along  the  proposed  cable  route,  2)  the  test  was  conducted 
in  a  tank,  thus  offering  the  fish  no  means  of  eluding  the  sound  stimulus,  whereas  the  ATOC 
source  is  in  an  unconfined  area  so  that  species  may  depart  the  area  if  they  so  choose,  and  3)  the 
tank  test  source  was  transmitting  over  a  number  of  consecutive  days,  whereas  the  ATOC  source 
would  be  transmitting  for  the  most  part  2%  of  the  time  (intermittent  every  fourth  day). 

Comment:  The  proposed  project  will  have  significant  potential  impact  on  the  Native 

Hawaiian  population  on  the  north  shore  of  Kauai.  These  long-time  residents  of  Kauai  practice 
subsistence  fishing  in  the  waters  surrounding  Kauai.  According  to  DLNR,  the  annual  catch  by 
Kauai  fishermen  in  the  area  encompassing  the  intended  ATOC  sound  source  was  37,500  pounds 
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in  1993.  This  group  also  qualifies  as  a  low-income  population.  Because  of  the  significance  of 
this  source  of  food,  the  DLNR  placed  a  fish  aggregating  device  (FAD)  in  this  area  to  enhance  the 
fishing  potential,  which  further  substantiates  the  significance  of  the  need  of  this  food  source  for 
Native  Hawaiians. 

Response:  The  preparers  affirm  the  Section  4.3 .2.2  discussions  and  findings  that  the 

potential  for  direct  or  indirect  effects  on  the  fish  population  off  the  north  shore  of  Kauai  is 
uncertain,  but  presumed  low,  provided  assumptions  are  correct  The  potential  for  auditory  injury 
or  deafness  for  any  species  of  fish  in  the  area  is  anticipated  to  be  negligible.  The  potential  for 
interaction  between  the  ATOC  source  and  the  FAD  is  addressed  in  the  EIS  (Section  5.2.1),  as  is 
the  issue  of  Environmental  Justice  in  Minority  Populations  and  Low-Income  Populations 
(section  6.6).  See  also  response  to  Issue  20. 


F-86 


ISSUE  19:  FACILITY  CONSTRUCTION  AND  REMOVAL 


Comment:  It  is  our  understanding  that  cables  have  already  been  laid  to  the  preferred  site 

locations  in  both  Hawaii  and  California.  If  this  is  true,  then  any  discussion  of  dtemative 
locations  in  the  DEIS  would  appear  to  be  nothing  more  than  lip  service.  It  is  our  understanding 
that  ATOC  issued  an  Environmental  Assessment  for  their  Acoustic  Engineering  Test  off  the  west 
coast  of  the  U.S.  only  days  before  beginning  the  actual  experiment  There  does  not  seem  to  have 
been  reasonable  opportunity  for  the  public  to  scrutinize  and  provide  input  on  this  portion  of  the 
project. 


Response:  Section  1.1.6  describes  the  source  power/monitoring  cable  and  its 

installation  relative  to  the  proposed  Kauai  ATOC  and  MMRP  activities.  The  Final  EIS/EIR  for 
the  proposed  California  ATOC  and  MMRP  activities,  incorporated  by  reference  in  this  EIS, 
describes  the  source  cable  and  its  installation  for  the  proposed  Pioneer  Seamount  site.  As  all  the 
deployed  equipment  in  both  proposed  sites  is  planned  to  be  removed,  the  fact  that  some  cable 
was  laid  in  each  region  (on  an  opportunistic  basis  that  provided  cost  savings  to  the  government) 
prior  to  receipt  of  scientific  research  permits,  does  not  obviate  the  selection  of  alternative  sites. 
The  California  project  bears  this  out,  since  the  preferred  site  at  Sur  Ridge  has,  in  fact,  been 
eliminated  with  the  new  proposed  site  being  that  at  Pioneer  Seamount.  Discussion  of  biological 
values  and  water  quality  considerations  along  the  KAUAI  cable  route  is  contained  in  a  letter 
dated  December  7,  1994,  firom  Andrew  Forbes,  Scripps,  to  Dennis  Lau,  Hawaii  Department  of 
Health,  Appendix  D. 

Section  1.1.7  describes  the  AET,  which  was  conducted  at  a  remote  location  in  the  middle 
of  the  ocean,  550  km  southwest  of  San  Diego,  3400  km  northeast  of  Hawaii,  in  November,  1994. 
All  NEPA  requirements  were  met  pursuant  to  the  development  of  an  Environmental  Assessment 
and  the  finding  of  no  significant  impact.  Following  incorporation  of  mitigation  measures 
suggested  by  NMFS  into  the  research  protocols  of  the  test,  NMFS  had  no  objections  to  ARPA's 
finding  of  no  significant  impact. 

Comment:  Describe  the  current  plan  for  removal  of  ATOC  facilities,  including  schedule  and 

factors  which  might  impact  the  removal.  How  does  the  removal  of  the  ATOC  facilities  mitigate 
the  impacts  of  installation?  What  constitutes  "economically  and  practically  feasible?” 

Response:  The  physical  installation  of  the  cabled  source  is  judged  to  be  generally 

benign  to  the  marine  environment.  Any  physical  alteration  of  the  sea  floor  would  be  minor.  The 
ATOC  facilities  have  been  designed  with  recoN’ery  in  mind.  The  VLAs  are  moored  with  an 
acoustic  release  which,  when  activated,  separates  the  array  from  its  anchor  (approximately  1724 
kg)  of  iron  railroad  wheels,  allowing  the  array  to  rise  to  the  surface  for  recovery.  The  iron  left  on 
the  bottom  will  eventually  decompose  through  oxidation.  The  acoustic  source  would  be 
deployed  with  a  recovery  line  attached  to  a  float  with  an  acoustic  release.  Once  released,  the 
float  takes  the  line  to  the  surface,  where  it  is  recovered,  attached  to  a  winch  and  used  to  haul  up 
the  source.  Both  the  VLA  and  the  source  have  small  “footprints”  on  the  bottom,  so  removal  of 
these  units  would  have  minimal  impact  on  the  seafloor,  and  would  basically  reverse  the 
negligible  effect  of  their  installation. 
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major  undertaking,  mainly  due  to  the  fact  that  over  time  the  cable  would  tend  to  bury  itself  in  the 
soft  bottom  of  the  seafloor,  and  where  not  buried  would  have  become  encrusted  by  marine 
organisms.  The  cable  is  a  benign  system  and  would  have  virtually  no  impact  if  left  unrecovered. 
However  any  effects  of  laying  a  cable  on  the  seafloor  in  terms  of  breeding  site  alteration,  or 
bottom  habitat  changes  would  be  short-lived  and  the  removal  of  the  source  cable  and  the  return 
of  the  seafloor  to  its  natural  state  would  offset  any  short-term  effects. 

Every  attempt  would  be  made  to  remove  the  cable  and  the  acoustic  source  from  the 
seafloor.  Nevertheless,  there  are  some  factors  that  could  make  removal  "economically  and 
practically  infeasible."  These  might  include  loss  of  the  source  itself,  extended  unfavorable 
weather  and  sea  conditions,  or  unexpected  sharp  increase  in  removal  costs.  The  latter  could 
result  from  increases  in  ship  leasing  costs;  expanded  costs  for  offloading  and  dry  (on  land) 
storage  of  the  cable,  or  could  result  from  expenditure  of  project  funds  for  emergency  or  higher 
priority  activities.  Finally,  removal  of  the  ATOC  equipment  might  be  forestalled  by  the  takeover 
of  the  system  by  another  approved  project  or  a  follow-on  experimental  program. 
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ISSUE  20  CULTURAL/RELIGIOUS  (HAWAII) 


Comments:  The  issue  of  native  Hawaiian’s  rights  (specifically  subsistence  fishing  in  the 
waters  around  the  ATOC  sound  source)  is  being  brushed  aside  which  violates  an  executive  Order 
that  Federal  actions  address  environmental  justice  in  minority  populations. 

Response:  Consideration  has  been  given  to  this  issue.  Because  of  the  location  and 

nature  of  the  proposed  acoustic  thermometry  and  MMRP  activities,  based  on  the  available 
information  on  the  potential  effect  of  low  frequency  sound  on  fish,  and  the  mitigation  measures 
incorporated  into  the  project,  it  is  concluded  that  the  project  would  not  interfere  with  native 
Hawaiian  fishing  rights.  See  Sections  3.3.3, 4.3 .2.2  and  4.4.  ITie  Executive  Order  on 
environmental  justice  is  addressed  in  section  6.6.  See  also  Issue  18. 

Comment:  The  FEIS  should  describe  the  Hawaiian  Culture  interest  and  provide  information 

on  measures  taken  by  ARPA  and  NOAA  to  fully  analyze  the  environmental  effects  on  minority 
communities  and  present  opportunities  for  affected  communities  to  provide  input  into  the  NEPA 
process. 

Response:  See  Sections  3.4.6, 4.2, 4.3, 4.4, 4.5, 4.6,  and  6.6.  Opportunities  for 

minority  communities  to  provide  input  on  the  potential  for  ATOC  and/or  MMRP  activities 
affecting  their  communities  have  been  available  continually  via  both  the  NEPA  and 
CEQA/HEPA  EIS  process.  This  opportunity  will  continue  via  the  Kauai  CAG. 
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ISSUE  21;  INCIDENTAL  TAKE  VS.  SRP 


Comment:  ATOC  is  not  "scientific  research  on  marine  mammals"  as  defined  in  the 

MMPA  and  ESA,  but  rather  a  study  on  global  climate  changes;  therefore,  under  the 
MMPA,  this  project  should  be  permitted,  if  at  all,  under  the  incidental  take  permit 
requirements. 

Response:  In  1993,  Scripps  was  informed  by  NMFS,  Office  of  Protected 

Resources  that  a  SRP,  rather  than  an  incidental  take  authorization,  or  application  of  a 
general  authorization,  would  be  the  preferred  permitting  approach.  This  choice  was 
guided,  in  part,  by  NMFS's  concern  that  available  information  was  insufficient  to  make 
the  findings  necessary  (e.g.,  potential  species/numbers  that  could  potentially  be  harassed 
by  the  proposed  sound  transmissions)  to  issue  an  incidental  harassment  authorization,  and 
that  additional  scientific  research  to  evaluate  the  potential  impacts  of  low  frequency 
source  transmissions  on  marine  mammals  was  needed. 
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Mammal  Research  Program  will  provide  Ihe  graded  approach  necessary  to  modify 
or  even  slop  the  overall  ATOC  project  should  Ihe  impacts  on  marine  mammals 
prove  adverse. 
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Although  the  DEIS  states  that  the  HMRP  will  attempt  to  monitor  the  species  in  such  a  time  frame.  Six  to  ten  months  is  too  short 
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It  if  clear  from  the  above  that  in  the  context  of  the  MMRP,  the  ATOC  sound 
source  is  merely  a  tool  in  the  investigation  of  a  larger  problem  of  broad 
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being  severely  reduced  during  the  preceding  decades.  I  don't  know  the 
history  of  search  effort  in  the  region  pre-WWII,  but  wo  should  consider  (he 
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objectives  Include  mitigating  effects  o(  human  activity  and  Implementing  globe,  would  increase  costs  exponentially. 
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by  anomalous  water  temperatures  and  salinity,  and  by  a  complex  and 
unstable  sea  bottom. 
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conuibution  to  underwater  noise.  Amblertt  rtolse  levels  are  repeatedly  listed  as  being 
around  90-100  dS  in  the  D5IS,  yet  these  numbers  do  not  reflect  noise  levels  In  the 
sound  channel,  which  Is  most  effected  by  the  ATOC  source.  P.  ES-9  of  the  Cellfornla 
DEIS  states  "at  deep  sound  channel  depths  the  ocean  is  very  quiet,  with  ambient  noise 
levels  considerably  below  those  at  the  surface".  Studies  on  fish  snd  shrimp  conclude 
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Australia,  Canada,  Japan,  New  Zealand,  i  stewardship  and  responsibility  in  carrying  out  this 


program  will  provide  extremely  valuable  acicntilii;  I  21  to  lecoivc  coiiuiients  on  the  DEIS,  not  to  engage  in 


On  thQ  basis  ol  the  number  of  iridivicliial:i  i  1  Representatives  from  the  Scripps 
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siQned  up  to  testify  tonlghti  I  am  limiting  the  2  Inr.titiition  of  Oceanography  have  requested  that  rather 

speakers  to  five  minutes  and  request  that  extensive'.  3  than  make  an  extensive  presentation  at  the  beginning 

comments  be  summarized  and  the  complete  text  provided  i  of  this  hearing,  they  be  included  within  the  list  of 


environmentalists  object  to  logger  |  2  ||  two  subunits,  the  California  ATOC  and  the  Kauai  ATOC, 
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that  the  ATOC  sound  transmission  simply  ^  adverse  impacts  before  being  allowed  to 
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place  right  now  of  detecting  various  temperature  1  commercial  activity.  The  people  of  this  North  Shore 
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easily  reversible.  With  no  peer  review,  with  no  clear  I  2  |  "manao"  may  be.  Nowhere  in  the  previous  reports 


article  in  the  special  issue  of  the  Journal  of  I  1  and  will  eventually  kill  them. 


there,  the  Paclf ic-whatever ,  to  lie  and  1  to  help  the  earth  heal  from  the  centuries  of  abuse. 
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nitrogen  forced  into  our  blood  streams  by  the  I  ^  range  of  12  Kilometers  from  the  source.  You  then  have 


astounded  to  learn  that  the  technology  of  35,000  years 
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Therefore,  it  was  important  to  describe  how  1  if  the  ATOC  project  is  having  a  long-term  impact  on 


this  we  now  know  that  our  techniques  2  sounds  similar  to  those  proposed  for  the  ATOC  project 


surveys  showed  that  whales  were  I  1  sea  turtles.  To  better  understand  how  the  ATOC  sound 


know  specializes  in  killing  and  wasting  money.  1  not  as  something  to  experiment  with. 
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Chris  Clarke,  Director  of  the  MMRP;  Bernd  Wursig  of 


committed  to  contributing  information  from  this  I  22  troubles  and 


effects  represent  the  potential  for  harm  or  not.  1  1  ||  lend  support  to  the  Kauai  Friends  of  the 
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project  that's  located  here,  and  then  leaving,  maybe  3  But  why  can't  we  have  a  place  here 


Thank  you  very  much.  2  to  what  your  pleasure 
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evidence  of  the  existence  and  amplitude  of  global  ^  research,  technology  and  information  originally 


Defense,  the  Department  of  Energy,  and  the  researchers  have  recognized  from  the  very  beginning 


and  have  committed  to  an  unprecedented  marine  mammals  2  HEARING  OFFICER  NITTA:  Thank  you 


hearing  officer  NITTA:  Keith  Krueger. 
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ATOC  project  just  keeps  lurching  forward  as  quickly 
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4,600  miles  of  state-wide  survey.  Through  this  1  hydrophones  for  listening  to  the  whales  and  all  the 

I 

process  the  goal  is  to  build  a  standardized  series  of  2  sounds  in  their  environment  so  that  we  could  describe 

surveys  which  if  conducted  at  regular  yearly  intervals  3  their  singing  behavior  and  to  track  movement  of  the 


toward  answering  a  vexing  question  relating  to  the 


plateau  of  a  Catch~2? ,  ^  predict  whether  or  not  the  ATOC  sound  could  disrupt 


that  the  climate  la  changing  and  how  the  climate  is  I  ^  Now,  all  climate  modelers,  even  though  they 
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measure  sea  level  to  a  precision  of  two  centimeters,  1  I  will  also  remind  you  that  the 

unbelievable  precision,  and  it  will  give  Information  2  observations  of  Co,  on  Mauna  Kea,  which  was  started  by 


1,000  meters  would  take  10,000  years.  The  correct  1  have  a  contribution  to  make.  We're  not  looking 


Chris  Gabriele,  Adam  Frankel,  Allison  Craig  to  just  2  Two,  the  emerging  importance  of  Kauai 


number  prevlouslyf  previous  to  whaling,  a  lot  of  which 


NEAL  R.  GROSS  NEAL  R.  GROSS 

COURT  REPORTERS  AND  TRANSCRIBERS  COURT  REPORTERS  AND  TRANSCRIBERS 

1923  RHODE  ISLAND  AVENUE.  N  W.  RHODE  ISLAND  AVENUE.  N.W. 

i202J  2a4-«*33  WASHINGTON.  D  C.  20005  (202)  23^.4433  (202)234-^433  WASHINGTON.  D.C.  20005  (202)234-4433 


H  <N  rn 


I 


<n  ^  ir> 


fH  fH 


O  »-(  <N 

(N  04  CN 


iH  (N 


Cv  O  -H  (N 
fSJ  <N  CN 


H  <N  n 


I 


VO 


r- 


o  o\  o  'H  r« 


»H  <N 

(N  (N 


Another  fundamental  way  in  which  the  dralL 


scientific  research  22  HEARING  OFFICER  NITTA:  Thank  you 


HEARING  OFFICER  NITTA:  Paul  Atchitoff.  I  2  The  doctor  says,  "I've  got  this  great 
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Another  major  deficiency  in  the  document  i 
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meters  to  40  kilometers  or  more.  ATOC's  own  1  reproduction  rates. 

independent  Scientific  Advisory  Board  states  that,  2  If  a  level  of  90  to  100  decibels  in  the 


the  ATOC  team  that  there  are  plenty  of  other  existing  1  am  chair  of  the  Sierra  Club 
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HEARING  OFFICER  NITTA:  If  not,  thank  you 


NEAL  R.  GROSS 

COURT  REPORTERS  AND  TRANSCRIBERS 
1123  RHODE  ISLAND  AVENUE.  N  W. 

(202)  234-4433  WASHINOTON.  D  C  2000S 


GWF  lo  NMFS  re  AT  «jC  EIR  (Hearing  6  Jan  95  @  Santa  Cruz),  Page  2 


c 

JJ 

V 

C 

)H 

0 

> 

G 

© 

JJ 

0 

c 

© 

■iH 

fH 

© 

k 

C 

d) 

•H 

‘H 

© 

•H 

JJ 

JJ 

© 

'O 

•rH 

•H 

0 

> 

HJ  Id 

JJ 

j: 

G 

© 

•rH 

© 

G 

1 

y 

U 

•iH 

d) 

c 

jj 

© 

© 

a 

y 

'0 

k 

IQ 

k 

•iH 

© 

JJ 

Jj 

G  C 

© 

0 

© 

© 

g 

•H 

© 

G 

y 

© 

MH 

*0 

y 

O 

d>  •H 

JJ 

MH 

•H 

o 

c 

g 

© 

JJ 

MH 

© 

d) 

rO 

JJ 

'O 

© 

eC 

0 

y 

G 

y 

G 

© 

© 

>1-U 

© 

G 

>1  a 

•JH 

dJ 

Id 

G 

JJ 

G 

JJ 

JJ 

ja 

© 

rH 

JH 

a 

© 

c 

a 

4H 

<D  *0 

© 

M-t 

J3 

‘H 

k 

© 

© 

>, 

© 

6^ 

JJ 

p 

o 

© 

•fH 

ID 

J3  ‘H 

a 

0 

y 

3 

• 

© 

D) 

k 

0 

© 

© 

c 

o 

© 

jj  3 

G 

© 

© 

n 

© 

© 

y 

y 

•rH 

© 

73 

k 

JJ 

k 

© 

c 

i 

y 

Oi'D 

JJ 

JJ 

jJ 

g 

aT3 

v 

• 

k 

© 

© 

© 

© 

Id 

09  *0 

0 

G 

© 

1 

y 

pH 

3 

rH 

g 

© 

TJ 

© 

a 

U 

O 

ja 

»o 

> 

k 

id  »H 

M-) 

© 

© 

J3 

© 

G 

© 

© 

N 

c 

0 

© 

D 

G 

G 

JJ 

O 

© 

>ia:  tt 

rG 

JJ 

0) 

•n 

•H 

4J 

JJ 

•H 

© 

k 

k 

Bi 

y 

© 

> 

rH 

0 

rH 

y 

(0 

•rj 

0  AJ 

© 

G 

c 

JO' 

Dl  »< 

© 

k 

k 

V 

pH 

-  5 

pH 

a  X 

k 

•rH 

0) 

© 

k 

© 

Dl 

0 

© 

rH 

0 

G 

© 

© 

Id 

d) 

•H 

©  pH 

a 

© 

k 

a 

•H 

Dl 

G 

k 

MH 

c 

•H 

MH 

JJ 

y 

G 

09  y 

3 

JJ 

© 

•rH 

© 

2 

© 

k 

•H 

G 

a 

0 

0 

j: 

© 

c 

jJ 

JJ 

O  •H 

a 

© 

© 

> 

rH 

k 

0 

c 

© 

•H 

3 

rH 

k 

© 

© 

0 

ar-f 

JJ 

g 

G 

09 

© 

'O 

0 

a 

JJ 

JJ 

© 

© 

y 

© 

Id 

k  ja 

© 

pH 

J3 

k 

G 

© 

© 

> 

C  T) 

•H 

pH 

c 

G 

•H 

a 

•H 

© 

D» 

3  3  a; 

rH 

&H 

© 

D) 

•iH 

O 

© 

C 

JJ 

>x: 

© 

JJ 

JJ 

g 

MH 

tH 

Oi  Oi  -U 

y 

V 

•rH 

V 

© 

0) 

© 

•H 

JJ 

JJ 

g 

•H 

M 

c 

© 

•*H 

G 

»o  © 

C 

Q 

© 

0) 

k 

© 

G 

© 

JJ 

Q 

© 

JJ 

G 

© 

•iH 

k 

MH 

• 

3 

© 

a 

© 

'O 

© 

0 

0 

ns 

G 

D) 

© 

s 

JJ 

Dl 

JS 

d) 

©  J3 

0 

0 

a 

V 

0) 

c 

JJ 

JJ 

a 

•w 

© 

G 

< 

O 

©  • 

pH 

JJ 

JJ  JJ 

> 

•o 

© 

rH 

c 

© 

© 

c 

C 

-H 

Oi’O 

© 

,  w  W  k  c  flj  ^ 

OjJO»<U(D(0:3a3U3  U 
iJtOC'O^HNOOOOC 
•HCkOSn  rH4JO 

c:a)>(ua}.a43<uo) 


0) 


4J 
•H 
TS 
V  ' 
(Q 


C  .  . 

•a  0)  ^ 

i  fl  “ 

<0 


O  ^  rH 

tj\  C  0 

G  -H  4J 

<H  1 

>  >1  D> 

0)  rH  G 

C  -H  dj  0 

•H  ^  >  H  W  W 

O  -H  <l>  -H 
(TJ  AJ  >,  G  > 
o  fH  w  G 
D  d)  -H  U  0) 

e-i  o  a  u-n 

CQ  (Q 
O  CQ 
^  09 
Ck  d) 

O 

-  -  0) 

O  G 


4J  O  §  (0  4J 

W  H  »0  -H  (0 

^  <0  '  '  C  N 


3  TJ  rH  O  <U 
d)  fQ 
r-t  JJ  Xi 
fl  0  o 

U  dl  rH  d) 

O  Wi  0)  0) 

09 


‘H 


*0 

pH  e  O  G  OJ 

o  j:  o  xi 

V4  ^  AJ  <M  AJ 

G 

(d  (Q  <A4  O  c 

0  AJ  o 


6AJd}d)(dG*wo) 


o 

G  d) 
G  G 
(d  09  H 
•rt  ‘H  (T3 
>  G  > 
G  C 


(0  G  G  3 
rH  (0  ‘rt  0 
0«  OJ  fH  pH 
u  a'w 
^  o  a 

D  (d  (T3 
gH  ^  09  AJ 


O 

A 

jJ 

d) 

a 


.  rtJ 

^  «d  c 

^  U  0 

0)  d)  *H  ‘H 
d)  G  AJ  4J  JJ 
•H  09  09  d3 
JJ  g  G  O 

O  G  0  G 
G  O  -H  u  'O 

O  fH  09  (Q  0) 


rH  <  09 


Id 

.  -  >l'0 

d)  (d  pH 

^  G  AJ  d) 

£-«  TJ  c  j: 

•H  d)  JJ 
'H  &j: 

'O  d)  AJ 
C  Jh  -H 
•rt  IJH  3 


dj  di  D) 


•H  JJ 
>  4J  G 
0  0  0 
k  ^ 
OipH  aj 
a>  -H 
O  >  3 

JJ  o 


C  >1  *0 

•H  JJ  o  d)  09  rH 
C  -H  09  JJ  'D  Id 

C  O  ( 
O  JJ  T3 

S  Id  C 

d)  pH  (d 

U  G 

G  a  ' 

0) 


>  > 

(d 

pH  jG  ^  . 

Id  01  o  G  -H 

>  >t*H  Id  G  Id 

<d  pH  09  a  U  ^ 

G  G  ID  O 

•H  TD  0  O  d) 

-  Id  JJ  ^ 

09  AJ  pH  d)  09 

0)  ^  Gj:09>ildAJ 
JJ  (V^HaJCpH  IDO) 
•H  o  0)  ‘H  09  g 

pH  09  C  09  G 

pH  'O  d>  ‘rt  O  O  *0 

d)  pH  o  x  a  -H  D 

AJ  G  O  AJ  O  }H  0) 

(d  O  G  -H  w  ID  Id 

0)  3  (A  3  Of  0)  J3 


«i  4  <»4  ■ 

x:  o  u 

U  9  •>« 

=  5^3 
^  o  i 


«  C  lA 
iJ  4  « 

«  iS  ^ 
^  *i  “ 


3  S 

^  4 

■  tJ 

i  H 


a  c 


i 

w  w  o 

4  •  U 

'  &5  . 
-  2  5 
«  £ 


W  ^  4 


a  A 

a  e  a 

C  r<  C 


§  S 
1 


•3  I 


c  4  w 


•  JS  .  -  .  - 

5  4  l4  — 

•H  •  4 

ak  • 

4  «  >• 

e  j:  •  4 
•*<  h 
«  Ai  e  a 
•  4  a  •  V 

4j  ^  a:  c 

4  «  ^  A*  O 


^32 

E : 

V  w 


•H  e  j:  4  o 


j:  s  &i 


3  I 


u  •P 

s  i 


f-H  U  <  JS 
M  a  — >  u 

a;  e  «  o  <M 

r«  Ai  a  >*4  0 

— '  ^  ^  o  iJ 

»  4  2  -H  e 

—  u  o 

•  a  AS  e  •P 

g  4  U  4  *0  u 

■H  -p  -P  w  o  « 

A>  E  a:  •p  9 

9  e  v«  u 


.  c  c  a  • 


a:  a  B  u  o 
aA  4  <p  s 

I  fi  -P  Al  4 


AS  W 
f*  4  iJ 
>  4 


O  -H  W  C  *0  U 

a  AS  4  <P  'H  4 


4  4  3  U 


4  4  4 

a  a;  X 

5  "  a 

AS  O  & 
U  At  4 


I  3  § 


4  4  O  4  O  U  4 


9  4  4  3 
=  ^  ? 


i  3  3  - 


4  AS  At  ^  •P  3 

4  9  O  4  AS 

^  ^  ^  ^  ^ 

AS  'P 
a  At  (A  p 


4«C4C  — 

4  o  a:  u  p 


C  4  AS  P  U 


Up  P4AtPiAAA  U 
p  P  At  At  C  B 
PP44C4NPC 
.da^^OBAS*  P 


3  PBB4S0'-' 


P  p  4 

4  a  > 

4^4 


4  P  ^  p 


4  4  O  At 

g  ^  tTi 


a:  4  u  o 


3  3  a  >  AS 


e  3 


a 

± 


=11 


HM 

<fia 

S< 

0B5 


p^  CQ 

a  N  ^ 

in 
m 
a* 


^2 
u  o 

Id  <1 

®  fl 
«( 

o  a 

2  9 

O 

u  in. 
d  A 
O  9) 
U  H 


G 

O 

•H 

Jj 

Id 

u 

•rj 

iH 

a 

0* 

< 


5”  e 

o^t  S 

•«  a  “< 

a  p  a: 
t4  h  u 
o  n  V4 
u  «  Id 
p  B  <u 

W;'-'  W 

m  dl 

0g« 

•H  iJ  tS 

Id  « 'n 
« >< 

.d  Q  ^ 

”  <y 

ii“ 


O 


m 

o> 

a> 


Id 

G 

C 

Id 


G 

J3 

«H 

pH 

Id 

s 


w 

G 


H 

©  >  ©  G  JZ 

©  © 

c  © 

© 

Oi 

•H 

JJ  J3  ©  0  © 

J3  >  © 

G  -H  g 

JH 

M 

k 

C  0  >  -H  J3  • 

JJ  -H  > 

0  JJ  o 

o 

a 

© 

•H  •H  ©  JJ  g 

Jj  •H 

w  ©  H 

rH 

jj 

w  ij  JJ  0  5 

W  ©  rH  >»  H 

G  ©  -k 
•rH  C  © 

^  JJ  Ai: 
>1  « 

Dl 

d 

u 

V 

(J 

O 

&- 

< 

0 

j:  •• 

JJ  09 
•  G 
G  0 

•H  •H 
> 
0)  J3 

d)  o 

•H 

o  *0 

c  c 

D  Id 
•H 

0  pH 
•H  «J 
IM  JJ 

D  G 

O  D 

a 

Id 

TJ 

G 

G 


C  O  pH  < 

M  Es  Vj  C  G 

M  d)  O  O 

0)  JJ  U  0 

JJ  j:  pH 

jJ  <d  ID  0) 

X  •  6 

•  0 

iH 

^  JJ 

<  0) 


Id 


Id 

V4  M  d)  JJ 
'O  0  pH 

J3  JJ 
ID  C  Id 

j:  o  u 

JJ  iH  pH  OI 
JJ  JJ  C 
•  Id  U  *p4 

*  k  Id  > 

CQ  d)  k  •H 

ID  *0  a  k 

>  'fH  k 

•H  «  *d  Id 

JJ  c  c  ^ 

«  o  Id  >1 

C  O  pH 
k  A  rH 

d)  d)  d)  Id 
JJ  >  iJ  o 
^  pH  Ej  -rj 
d  <  JJ  •H  O) 

d  •  C  k  O 

Id  a  pH 

k  XJ  o  o 

D  09  k  JJ 

i3  Oi  G 
H  C  G  0.  Id 

D  09  Id  JJ 


O  k 
•u  d 
> 

0) 

(D  rH 

>  flJ 


d9i 


d) 

jJ 

fH 

Id 

»o  ■' 
o  c 
o  o 

0)»H 

jj 

o  o 

G  Id 


k  G 
D  k 
JJ  ID 
t-H  JJ  g-i 
Id  pH  D 
<  b* 

rH  < 

G  ' 

MH  (D  ID 

O)  'tH  rH 
Gw., 


O  O 
Id  JJ  jJ 


C 
(0 
d) 

2  2 
0)  dl  D 

V)  JJ  JJ 

O  pH  ID 

o»  to  a 

o  o 

k  JJ  g 
Oi  09  k 
0)  d) 

^  ja  ^ 

S  &H 

d) 

01 
JJ  G 
•H 
09  09 
Id  D 


ID 

.Q 

d> 

3 


k 

D 

a 

G 

09 

43 

>1  ^ 

»H  •r^ 

*0  rH  3 
G  Id 
Id  d)  ^ 

to  CQ  < 

G  -H 

O  M4 

•H  JJ  O 
k  ‘H 
d>  09 
09  ID  g 
>  *H 

>1  o  Id 

•H  VJ 

pH  a  -o 

Id  d) 
G  pH  JJ 
Jj  i-H  (0 
y  -H  JJ 
Id  3  0) 


M  • 


"i: 

4  4  4 

01  a*  (i>) 

4 

a  AS 


p  o 

a  “I 

s  o 

s  s  ® 


?  3  5 

3  4  5- 


ir.3*iM-s§r. 


O  r- 

4  C 

V)  C 

t 

-  9 


p  4  4  P  4  3 

3  4  U  4A  >  a 


At  9  o  a  p  4 


O  V  P  O 


3  At  >«  At  4  B 

O  e  B  -0  4 

3  4  4V  U 


4  XJ 

S'  2 

4  a 


0  0  4 

8  “S 


a  a 

5  I 

9  5 


5  " 


3  4  4  B 


3  AS  P  > 


O  — 

ca 

V  — 

4 

4  At 


^  a  ^ 


3  U  U  3 


0  0-^3  Ai 

U  •  O  4  4 


a  a  g  c 


-P  C  At  P 


U  P  4  4  o 
4  4  >  > 


4  -A  U  E 


>  <  •  CO 

4  B  P  d  P 

3  4  V  p  O  P 

o  U  O  p  p  < 


^3 
J  E 


O  £ 
u 

V 

g 


s- 

p  4 


g40At4 
B4AJgPUPBU 
P9AtOAl4PPU 


&  . 
4 

>  P 


V  P  V  4 
4  P  At 

>  U  W  4 
P  4  O  V 


4  P 

5  S 


U  At 
4 

>  B 


3  9  4  4 

a  >  u 

«t  p  «  >1 

U  4  B  p 

e  p  4 

V  4  > 

B  At  ..4 


U  3 

4  4 

a  9 

o  w 


a  4  c  9  a  4 


6  - 
2  S 


t 


s 

o 

5 

s 

a 

Vi 


to 

Ov 

s 

A 

il 


JJ 

© 

© 

© 

JJ  0 

A 

> 

rH 

G  -H 

A 

© 

© 

•H  JJ 

a  43 

c 

0  ©  © 

d>  • 

0 

ft  a  43 

G  C 

G  H 

•H 

0  JJ 

-H  Ol 

©  iH 

JJ 

JJ  0 

TJ  -H 

©  ‘H 

© 

il  ffl  c 

a  a 

u  5 

iH 

0  0 

•H  © 

0 

© 

ftiw  , 

44  *0 

©  0 

u 

ffl  0  >1 

©  3  JJ 

<aAA 

u 

U  «H 

JJ  © 

0 

JJ  ^»o 

3 

ffl  U  i4 

0) 

o 

JJ 

0) 


I  u 

I  (d  X) 

(U  -w 

d)  (0  o 
c  <u  H 
•H  U  Ci«*H 
-0 

fi  (D  0)  <d 

'u  A  CQ 
(d  *H 

«  6  ^  i 

>  O  4J  CQ 

ft  U  4J  rH  O  d)  CO 

4J44df-<(dM-l«C(d 
Id  U  G  ^  u 


_  ©  d) 
u  o  ^  ^ 

Q  d)  u  ^ 

Id  0)  A 

<0  o 

i  «a  » 


© 

© 

W  -H 
3  O 

O  G 

•H 

-  >  6  ^ 

DiU3  O 
©  O  *0  iq 

M  G 

©  ©  -  ^  . 

^  A  U  Qi  G 

D)  Id  JC  ©  O 

•H  C  'd  Q  A  A  A 

A  O  r-{  A  4J  © 
•H  3  > 

^  A  O  ^  A  d)  4J 

©  ©  ^  ©  _J 

N  U  ©  ©  'C  • 

•H  *H  O  © 

©  a  •U  0i  4J 

d  -H  a  © 

53  i  ^  h 

•rl  S  ••  O 

Id  O  *0  m  Wi  4J  4J 

O  ©  ©  ©  ©  © 

*  ^  ^  -y  r  " 


iO 


Dl-H 

<0 

a  0 

•H 

lU  y 

c 

M-l 

o 


O  ffl  O  g  o 

E  N  f-i  6)  n  M 

•H  JJ  -H  i< 

0  H  nj  *0  A 

■o  (0  o  «  “ 


a 

O  -H  c 

ifll  u  0)  a 


V4  I  tJ 
a  rJ  a 
(U  O  r-i  ■>-’ 

(U  H  <3  <0 


il  >,  >,  ^^  3^ 
il  -a 

C  -rf  (8  k 


nj  d"H 


01 


1^  >  0)  (U  ^ 

10  (0  14  ^  <U-H 

iH  '0  4J  ' 

C  © 

©  © 

A 


g 
© 
O 
G 

g  TJ 


C© 
•H  A 
G  A 


4J 


© 


© 

A 

A 

G 

G  © 
O  © 
A 

© 

di  © 
*0  © 
©  A 

fH 

?  « 

§§ 

o 

A  © 
O  4J 
© 

*0 

o  ^ 

A  O 

©  © 
rH  © 

A  A 
©  3 
U  A 
©  •H 
'O 

•rt  JJ 


© 
oC 
4J 

^•4 

O 

^  G 

fH  O 

A  -H 
3  A 
O*  U 

©  — '  •— 
il  M  -H  -H 
«  14  iH  il 
•H  fl 

a  0)  E  E 

a  il  M 
•O  «  l4  0 
ffl  S  ffliw 
O  -H 


«  o 

>l•«^ 

ri 

<0  A 
M  a 
u  a 
a 

a  ii 
o 

©  G 

A  O 


-SI 


G 

■H 

a 

-  ’H 

0)  il  -O  E 

0)  (V  0) 

ii  -a  -rt  <-i 

40  C  l-i  ffl 

il  -rt  -H  c 
a  o 
il  a  a  -H 
a  ffl  ffl  il 
ffl  <H  c 
ft  >1  o  0) 

r-k  il 

ID  ffl  fi  a 
43  il  ffl 


<il 

O  -01 

il 

01  C  o 
C  01  o 

•H  -H  ffl 

ft  a  M 
O  ffl 
o  -0  hS 
a  »J 
ffl  D 

■o  43  d,  -O 
il  il  C 
ffl  ffl  ffl 
3  O  43  ^ 
O  il  ii|4: 
il  0 

iH  **  k 

a  ©  >1  © 

©  -H  X  © 
JJ  4J  Qj  © 
©  G  ©  © 
©  ^  ^ 
©  cn 
©no 
©  G 

•H  © 

M-l  ©  © 

©  U 
-30 
E  © 

3  ©  d)  ©^ 

E-H  c  q 


©  4J  .U  ©  © 


•H 

G  A 

•rt  O 

E  U 

© 

©  © 


C  Tl  JJ 

H 

© 

i  i 

su 

© 

Ui 

c 

H 

© 

>  © 

w  s.; 

U 

0 

•r 

WJ 

W  'U 
0 

il 

3- 

JJ 

W  ©  >  TJ 

© 

44 

—  ly 

g  © 

JJ 

0  © 

c 

g 

0  i 

0  TS 

© 

>  “H  3 

»H  0 

•r 

r- 

u 

0  rH 

©  JJ  © 

C  la:  il  -H  c 

A 

a 

k  ;G 

>1 

•H  JJ 

{fl 

0 

©  )4 

§ 

G  C3  & 

©  ‘ri 

© 

© 

3 

© 

> 

u  © 

•ri 

JJ  3 

0 

•» 

© 

0  JJ 

0  JJ 

G 

©  0 

3  -0 

0 

JJ  © 

0 

A 

© 

5^ 

0 

©  c 

0 

0  j: 

rH  0  4h 

H 

>1  ffl 

© 

4H  0 

© 

3  “H 

G 

©  •H 

di  A  A 

0 

rH 

©  © 

•r 

0 

0 

44 

•  ©  ©  1 

1-^ 

rH 

•IH  T3 

© 

rH  'O 

© 

© 

jJ 

u 

•  © 

G  E 

g 

G 

• 

©  -H  »0 

C  G 

© 

G  i  > 

(S 

iH 

«• 

'9  5: 

rO  T? 

k 

0  © 

3 

©  © 

© 

G  44 

G  0 

©  © 

© 

jj 

•H 

>trH  JJ 

© 

3  0 

JJ 

0  S  ©  iH 

D 

© 

© 

0  (0 

c 

0 

G  U 

© 

0  -H 

C 

0 

0 

0  -w 

©  JJ 

© 

rH 

•rl  © 

JJ 

•H 

U 

•H  ©  k  0 

Ou 

c 

© 

-  © 

0  Qi4J 

© 

©  U 

0 

•H  dJ 

0  © 

0 

© 

JJ 

A  0 

© 

-  JJ 

0 

4J  g  3  -H 

•H 

rH 

© 

©  — 

A 

0 

H 

0 

U  0 

JJ 

© 

© 

©  0 

ffl  >1-H 

•H 

3 

© 

S  ‘H 

rH 

©  © 

A 

0,  JJ  rH 

© 

b 

© 

3  05 

> 

0 

© 

U 

.0  *H 

JJ  •ri 

fH 

© 

©  rH 

JJ  © 

JJ 

G 

k 

© 

c 

3 

Vi  £ 

© 

E  ©  3  ,0 

A 

© 

•H  W 

k 

©  A 

3 

E  > 

0 

© 

3 

©  0 

© 

© 

JJ 

u 

3 

G  U 

•H 

3  C  44  ;3 

3 

-  © 

©  © 

© 

© 

0 

©  © 

©  - 

C 

G 

U  Vj 

0  JJ 

3 

g 

© 

d) 

g 

3 

©  0  '0 

©  -H  0 

jj 

©  rH 

fd  rH 

© 

fH  G 

© 

a  JJ 

di 

© 

a  3 

© 

0 

g 

C 

g 

0 

0,44 

G  k  y 

w 

© 

£  © 

>  © 

W 

©  © 

© 

0  © 

E  3 

•H 

> 

X  d)  A  A 

0 

0 

0 

© 

0 

u 

X  C 

u 

0  ©  q44 

3 

•H  A 

G  A 

© 

44  0 

u 

JJ  A 

•H  0 

© 

© 

©  c 

0  JJ 

© 

u 

3 

0 

© 

d> 

0 

0  E  ©1  01 

e 

JJ 

jj  S 

•H  3 

k 

A 

O 

S 

©  © 

•H  •H 

>  A 

I  JJ  © 
A  3 
O  4J  fH 
I  ©  CQ 

G  C  44 


O  O 

ft_g 
©  H 

44  ©  XJ( 

O  £ 

3  © 
©  ^  ^ 
©  iJ 
>  © 

‘H  A  O 


A 

G  ^ 
©  >1 
U  fH 
© 

A  3 
•H  O 
3 

a  ©  c 
©  ©  © 
u  ^ 

U  A 
©  ©  © 


.  O 

<D  4J 

•H  'O  4:! 

©  ©  o 

3  ‘H 

^  75  S 

jJ  Di  E 
c  D*  © 
•H  ©  c 

«  ©  © 

0)  'C 

c  M  44 

c-o  C 

■H  ffl  -ffl 

^  O 

C  p 
0  U  I 
u  ft 

.  01  a 

>,  C  rH 

ffl  ^  i 
it  ffl  E 
C  il  ffl 
3  01  E 
ffl 


o  -a  ffl  a 
>  "  ■ 
C 

»H 


<0 

e  o 

e  i* 

5  . 


M  q 

won  3 


© 


•  V  ^  ^ 


C  rH 
M  ‘H  © 

o  ^ 

©  d) 
D)  E  G 
G  -H 


J3 

o 

ca  cn 


ja  bh.  w  M 


a  o 
0 

H  <-5 


<J  O  V  <0 


4fi 

<Q 

A. 


9 

u 

o 


<§) 

s 

cs 

>o 

QA 

a-c 

V  B 

±  41 

B 

BS 

M 

M 

O 

3 

r" 

■< 


"3 


SI 

w 

©O'© 

G  ii  jC  C  W 
iJ  3  W 

G  ©  O  U 

•  «  ©  £  44  u 

'0  JJ  0  O  W 

GO  rH  2 
©  ©  ©  ©  D 

jC  44  G  G 

©  ©  o 

4J  '0  ©  -H 


© 

0  OJ  O 
rH  (d  ©  £ 


©  U  (U 
O  ©  A 
© 

G  A 

O  O  A  . 

© 

3  C  Vi  V  A  W 

d*  3  44  G  4-)  q 

«44  0  © 

©  © 

a.H  > 

6  ©  ©  . 
©  ‘H  ^  'H  iH 

O  fH  d 
H  ©  q 

©  V4  ©  >  ,0  8 

J3  ©  O  © 

A  A  -ri  A  ©  d 

4J  4J  ©  ^ 

©  A 

•  3  - 

©  O  ©  T3 

O  A  <3>  < 

©  4J  © 

rO  © 

A  A  a  A 

O  ©  ©  JJ  H  4J 

o  A  A-z^ 

44  JJ  JJ  ^  H 

dJ'O 'd 

G  ©  ©  ©4 

H  ©  © 

© 


-  s 


§  g 

.  5 


C  6  «  O 


a  D 
o 

4  O 

—  c 


«  u  FI  ^  ^  ^ 


M  •*« 
4>  M  ai  Q 


C»  91 
«  t4  A 

a  •  r4 

W  jC 

•.  &  s 


■3  3 


H  X  £  d 


>  Jffl  .  ^  — 

«  o  ca  • 

•  (4  o  *  e 

O  A  U  >  ■^  41 

A  A  4  f«  o 

O  M  W  n  4 

W  o  O  ^  o 


i  S 


E  u 
t  Q 


-  a  «  j: 


-a  5 


GWF  lo  NMFS  re  A1  oC  EIR  (Hearing  6  Jan  9S  @  Santa  Cruz),  Page  5 


FJ/la:  .  .  ./Dolphin/ATOC/ATOTljanSS 


Rfir  F.IVED 


I  '3S  W  13  PH  2:5,. 
S 


DLi'iR 


O 


M 

U 

P 

*0 

C 

« 


C 

Vi  «0  •H 
4)  M  •H 
^  Id 

« V  3 
Id  o  «-i  « 
jC  MX 
U  <P  «« 
(AC 

4)  X  3 
N  S  O  w 

o  4J  a  3 
Oi  u  ^ 
a  •  0 
•  0.0  c 

Vi  4»  •  0 

X  O  0*  X 


UA  ot^Ji 
O  M<i> 

H  c.a 

<  Id  9  ^  C 

wO  0^0 

0.  ffl 

0)  D*  (IS  u  0 

v>  c  2  o 
2*fl  «  ii 
•2  6  o 

u  > 


>|'0  • 

^k  k  k 
k  0  3  0 

•D  0 

k  iH 

0  a  ta 

a  (A 

a  ^ 

C  0  *0 

a  *u  0  *M 

P  CO 

3  -H 

a  c  0 

>  *w 

4 

0  5 

D  a*H 
&  k  k 

a  «  a 
c  >«  g 

°  0 

a  0  a  ..  a  k  D 
k  *M  Q.  M  X  a  us 

ft  0 

=  i 

«4  a 

Vi  at 

k  H  >  a 
g  a  k 

a  X 
X  p 

«5 

5  a 
ox** 

X  2 

0.  k  « 
'-«  a  0  w 

^«3 

*"  X  ^ 

P  -4  ^ 

^•0  u-o 

T*  4  c 

^  ^  «  C-,  •  '«*:S  2  c  «  ? 
e  c  >  fl  2  0^ 

S5“?§S'' 

Isi?  “SI-^&SSS 

0*^4JS^4)0  M4J0 
^  ^  UiA  u  ^  0  « 

Ej**  «S  °w  «_^o  2 

4J&®  C  S«o“» 

l8>..S8g2SBSg  . 

SS'^cSxna  qo9.. 

gS-S-So  3 


^2^5o.  ^  ^w-S-SS 
^5  2^|532::5°5|u 

Oij  C  H»»*'3'Ocg9 

frdh-nr-:: 

IS",  g  111^1-1^5 

-sisgco 

ons'og'j-^^acga.  g 

<a4jC2+j«xP^  ^4)0 

sscag 

•H  ^«so(ni'*^iacH-P 

4>  ‘ot;(Ui:r'‘d  130  ? 

jz  xj  ^  tfk  ia  e  Vi 

HOVi  to  <dj3  >3 

4)  3^4}^3^*^4J  O  US'D 
•r^MCVl4JO  4JV13V1 
Oi03‘DVija  •H3iJ34J 
VtlUO'DOidOCO  OX 

a.sus  0C'>-'4Jt-<«H  idX4-> 


®"  c“ 

2  a  ®  O' 
O  X  ^ 

w  o  *2  u 

k  ®  2 

(A  <> 

c  fl  o» 

o  «  c 

O 

^  4.1  4i»  'O 
US  0  r-l 

3  ■O':} 
o  _  o  3 
o  •  u  J3 

®  A  O  M* 
O  M  Cp 

«■=  c5 

3  (fl  e 

§  4J 

P  US 


^  O  « 


O  OS 


X  0 

'•  o 


tj  2  xi  c  3 

liS  S  "*  o 

?  «  C  W 

so  5 

(N  C4  <S)  X 

v>  *  ^ 

<  U)  <« 

k  Vi 
h.  4)  ^  0) 
‘  U  0,^ 
-9050 


•W  .  9  4 
O  X  4)  •H 

U 

0)  a  u.  « 
o  -H  X 

g  0  p,? 

4J  X  V4  M 
US  0  ® 

.* 

US  •  4  a 
(A  u  k  a 

4  o  u 

?  2  = 

«  M  4  a 
X  «  M  •H 
4J  CA  U 
M  (A 

5§|5 

5*3  4  jj  . 

5* w  ^ 

Jj  •  ^  o 

C  «  »u  ^ 
«  X  c  C  c 
B  W  ^  0  » 
3  ,  k  o 
U  ^  4  c 
o  C  S  4  .-4 
■0404 
k  -  U 

fflO  =0  c 

5S|o 
“  S 
■0.0°“ 

***  S 1 5 

5  0*  «  ® 
‘'^355 


4J  H-l  '*-1 

0  o 


>  O 

4  k 

X  fl  ^  a  c 
0  -H  5 
a  D  N  4 

5  u  c  c  cr 

4  4  0  4 
X  E  X  -P 
0  U  U  3 

^  ^  A  ^ 


An  lli)uiil  Opportiinitv/Aflsrmalive  Aclion  Insliiulion 


Section  Z.2.1  -  Proposed  Action  and  Mitigation  Measures 
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acoustic  suboptlna  attendant  upon  dcplo/ncnt  at  tho  sound 
source  at  Johnston  Atoll  may  bo  acceptably  balanced  aQalnst 
the  advantages  of  an  absentee  marine  mammal  population. 

Thank  you  for  tho  opportunity  to  review  this  Draft  Eis. 
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area.  The  Hanalet  Bay  Is  an  opclal  marine  sanctuary.  With  the 
agreement  lo  jtul  this  "Undenvaler  Boomer  into  the  Hanalet  Bay, 
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To  Whom  it  Miy  Concern. 


Hanalei  Bay.is  gorgeous,  a  pristine  place  for  tourists  to  come  and 
enjoy.  It  is  the  destination  of  peace  and  relaxation.  But  little  do  these 
tourists  know  Uiat  tliese  sounds  will  be  with  hearing  ability,  which  will 
disrupt  the  peaceful  and  quietness  while  they  are  laying  on  the  white  sands 
of  Kauai. 
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ATOC  loudspeakorc  project  sounds  at  195  decibels  .  This  is  louder  than  the  range 


the  ocean  between  smaller  landmarks  (i.c.  between  Santa  Monica  and  Catalina  Island  or 


between  Oahu  and  Maui)  If  and  when  these  e)cpenments  are  determined  to  have  minima] 


really  don't  have  to  think  about  the  effects  on 


erinent  would  Impact  them 


APPENDIX  G 


Kauai  Marine  Mammal  Research  Program 
Baseline  Data  (1993-94) 


PHOTOGRAPHIC  IDENTIFICATION  OF 


HUMPBACK  WHALES  {MEGAPTERA  NOyAEANGLlAE) 
OFF  KAUAI,  HAWAII  DURING  WINTER  AND  SPRING,  1993 


Report  to  tlte 

ATOC  Marine  Mammal  Program 


Salvatore  Cerchio,  Jr. 

Moss  Landing  Marine  Laboratories 
October  30,  1993 


Methods 


Field  Methodology 

Identification  photographs  of  humpback  whales  were  collected  during  daily  boat 
surveys,  weather  permitting,  between  30  January'  and  21  April,  1993.  Two  boats  were 
used:  the  "south  shore  boat"  was  a  17'  fiberglass  hull  with  a  75  hp  outboard  engine,  and 
the  "north  shore  boat"  was  a  18'  fiberglass  hull  with  twin  70  hp  outboard  engines.  Boats 
were  launched  from  one  of  three  locations;  Port  Allen  Harbor  on  the  south  shore,  Kikiaola 
Harbor  (Kekaha)  on  the  southwest  shore,  and  the  Hanalei  River  on  the  north  shore  (Fig. 

1).  Regions  covered  on  any  given  day  were  dependent  upon  prevailing  weather  patterns 
and  distribution  of  whales,  so  sampling  was  unavoidably  non-random.  The  north  shore 
boat  was  not  obtained  until  late  March,  so  sampling  on  th.e  north  shore  was  limited  to  25 
March  to  2 1  April. 

A  photograph  of  the  pigmentation  pattern  on  the  underside  of  a  whale's  flukes  was 
used  to  identify  individuals  (Katona  et  al.  1979).  Photographs  were  taken  using  various 
35  mm  SLR  cameras  equipped  with  motordrives  and  telephoto  lenses  of  focal  lengths 
ranging  from  ISO  mm  to  300  mm.  When  several  pods  were  sighted  in  an  area,  an  attempt 
was  made  to  approach  ail  or  as  many  pods  as  possible.  .All  animals  in  a  pod  were 
photographed  when  possible.  Approaches  were  terminated  when  all  whales  were 
photographed,  due  to  poor  weather  conditions,  or  w'hen  it  subjectively  appeared  that 
whales  not  lifting  their  flukes  were  not  likely  to  do  so.  Two  types  of  data  were  recorded: 
information  about  all  pods  sighted  and  approached  for  identification,  and  information 
about  photographs. 

Data  on  pods  included  time,  location,  number  of  whales  e.xpressed  as  a  minimum 
and  maximum  estimate,  pod  class,  direction  of  travel,  whether  the  pod  was  approached 
within  100  yards  for  photographic  identification,  roll  and  frame  numbers  of  photographs 
taken  and  comments  on  behavior.  Before  6  March,  location  was  determined  by 
triangulating  on  three  or  more  known  landmarks  with  a  handheld  pistol-grip  compass. 
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After  6  March,  a  Garmin  handheld  GPS  unit  was  used  to  determine  latitude  and  longitude. 
An  attempt  was  made  to  record  the  location  of  pods  at  the  start  and  end  of  an  approach. 
For  pods  that  were  followed  for  extensive  periods  of  time  (i.e.,  greater  then  20-30 
minutes)  locations  were  recorded  during  mid-approach  as  well.  Pod  class  was  recorded  as 
one  of  six  categories;  a  pod  of  all  adults,  either  traveling  or  resting  (A);  a  pod  containing 
at  least  one  juvenile,  either  traveling  or  resting  (J);  a  singing  whale  (S);  a  mother  and  calf 
pod  (MC);  a  mother,  calf  and  escort(s)  pod  (MCE);  or  a  surface  active  pod  (SA).  A  pod 
was  considered  surface  active  when  aerial  or  percussive  behaviors  were  noted  in 
conjunction  with  aggressive  or  agonistic  interactions  between  individuals.  Sightings  of 
other  species  of  cetaceans  were  also  recorded. 

Photographic  information  included  date  and  time  of  photographs  (recorded 
automatically  on  film  after  20  March  by  a  Nikoit  databack),  pod  number,  and  a  short 
description  of  subject  being  photographV  Description  included  which  animal  in  the  pod 
was  being  photographed  based  upon  letters  or  descriptive  names  assigned  during  the 
approach,  and  the  subclass  of  the  individual.  Subclass  was  noted  as  one  of  eight 
categories;  adult  (A);  juvenile  (J);  singing  whale  (S);  mother  (M);  calf  (C);  escort  of  a 
mother  and  calf  (E);  and  in  the  case  of  mother  and  calf  pods  with  multiple  escorts, 
whether  the  escort  was  the  primary  escort  (PE)  closest  to  the  mother,  or  a  secondary 
escort  (SE)  on  the  periphery  of  the  pod,  if  this  determination  was  possible.  Descriptions 
also  included  whether  the  photograph  was  of  the  fluke,  left  or  right  side  of  the  dorsal  fin. 
Coloration  of  the  fluke  was  noted  based  on  a  one  to  five  scale,  where  one  is  all  white  and 
five  all  black.  Photographs  of  dorsal  fins  were  collected  of  particularly  mothers  and 
singers,  for  which  it  was  often  difficult  to  get  a  good  quality  fluke  photograph,  and  also 
when  a  dorsal  fin  could  be  easily  associated  with  a  fluke. 

An  effort  was  made  during  the  first  and  last  three  weeks  of  the  season  to  collect 
acoustic  recordings  of  singing  humpback  whales.  Since  the  collection  of  photographs  was 
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suspended  during  these  periods,  the  amount  of  time  spent  recording  singing  whaies  was 
subtracted  in  the  computation  of  effort  (see  below). 

Analysis 

To  examine  relative  effort,  the  island  was  divided  into  12  zones  from  Niwiliwili 
Harbor  (the  most  eastern  point  reached  on  the  south  side)  moving  clockwise  to  Kilauea 
Point  (the  most  eastern  point  reached  on  the  north  side;  Fig.  1).  Each  zone  encompassed 
approximately  five  nautical  miles  of  coast.  Boundaries  between  zones  were  chosen 
arbitrarily  according  to  landmarks  that  were  easy  to  locate  from  offshore.  Therefore,  the 
area  of  each  zone  varies.  To  estimate  the  amount  of  time  spent  in  each  zone,  positions 
were  recorded  each  time  the  boat  crossed  a  boundary.  The  time  spent  in  each  zone  was 
then  summed  across  tlie  entire  season  to  give  an  indication  of  relative  efibrt  around  the 
island.  The  island  was  also  divided  into  three  regions:  South,  West  and  North  (Fig.  1), 
Effort  in  each  region  was  summed  for  the  entire  season  and  for  each  month.  Regions  were 
used  as  a  basis  of  comparison  of  descriptive  statistics  and  identification  photographs  (see 
below).  Hourly  rates  of  pods  sighted  and  approached  were  calculated  for  each  region  as 
well  as  each  month.  Hourly  rates  were  also  calculated  for  total  whales  sighted  and 
approached,  using  summation  of  minimum  pod  size  estimates. 

Locations  of  all  pods  were  plotted  on  a  chart  of  Kauai.  Only  the  first  location 

recorded  for  a  pod  was  plotted.  Separate  plots  were  done  for  all  pods  sighted,  pods 

( 

approached  for  identification,  and  pods  that  contained  a  calf  or  a  singer.  A  routine  was 
written  in  Microsoft  Excel  4.0  to  triangulate  positions  from  bearings  to  known  landmarks. 
These  positions  were  first  calculated  in  terms  of  x,y  coordinates  and  then  converted  to 
latitude  and  longitude  (ANN  B.  note:  I  can  give  you  more  details  on  this  technique  if  need 
be).  Positions  from  GPS  were  plotted  directly  from  the  latitude  and  longitude 
coordinates. 

Descriptive  statistics  were  calculated  for  pods  approached  for  identification.  This 
was  done  for  the  total  sample  and  for  each  of  the  three  regions.  Statistics  included  total 
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number  pods  and  whales  approached,  mean  pod  size,  frequency  distribution  of  pod  sizes, 
and  relative  occurrence  of  different  pod  class  categories.  For  pod  size  calculations,  two 
pods  that  affiliated  were  counted  as  three  observations  of  pod  sizes;  the  two  pod  sizes 
before  affiliation  and  the  pod  size  after  affiliation.  In  order  not  to  bias  towards  large  pods, 
this  was  not  done  in  the  case  of  a  single  animal  joining  a  pod  of  five  or  more  whales. 
Minimum  pod  size  estimates  were  used  for  all  pod  size  calculations. 

Proofsheets  of  all  film  were  examined  and  each  identification  in  a  given  day  was 
assigned  an  observation  number.  An  individual  received  multiple  observation  numbers  if  it 
was  photographed  on  different  days  or  in  more  than  one  pod  during  a  day.  Prints  were 
made  of  all  observations,  and  were  then  compared  among  themselves  to  determine  how 
many  and  which  individuals  were  photographed  on  more  than  one  occasion.  If  a 
photograph  was  judged  to  be  of  insuflicient  quality  to  make  a  conclusive  comparison,  the 
observation  was  removed  from  the  analysis.  Each  different  individual  was  then  assigned  a 
unique  catalogue  number.  Observations  of  insufficient  quality  were  assigned  a  separate 
series  of  catalogue  numbers,  preceded  by  the  letters  “PQ"  (poor  quality),  rather  than 
discarded  completely. 

On  some  occasions  only  one  blade  of  a  whale's  llukes  were  photographed.  Since 
left  blades  could  not  be  compared  with  right  blades,  it  was  not  possible  to  include  all  in  the 
analysis.  Photographs  of  right  blades  were  more  numerous  than  left  blades,  and  since  right 
blades  could  be  compared  to  complete  flukes,  only  photographs  of  left  blades  were 
removed  from  the  analysis.  These  were  also  assigned  a  separate  series  of  catalogue 
numbers  preceded  by  the  letter  "L"  (left). 

For  purposes  of  mark-recapture  calculations,  an  "observation"  was  defined  as  an 
identification  of  an  individual  on  one  day,  regardless  of  how  many  pods  it  was 
photographed  in  during  the  day.  A  "re-sight"  was  defined  as  an  individual  photographed 
on  more  than  one  day.  The  percentage  of  individuals  re-sighted  (re-sight  rate)  was 
calculated  as  the  proportion  of  individuals  that  was  observed  on  more  than  one  day. 
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regardless  of  how  many  days  they  were  observed.  The  total  number  of  days  elapsed 
between  first  and  last  observation  of  an  individual  was  averaged  for  all  re-sighted 
individuals. 

Mark-recapture  data  were  used  to  determine  whether  whales  were  equally  likely  to 
be  re-sighted  in  any  of  the  three  regions,  as  opposed  to  in  the  same  region  originally 
observed.  The  expected  number  of  re-sights  between  regions  was  dependent  on  the  total 
number  of  observations  from  both  regions  and  the  total  number  of  re-sights  within  the 
cumulative  sample.  Therefore,  expected  values  were  computed  by  multiplying  the  total 
number  of  re-sights  by  the  proportion  of  all  observations  from  each  region  being 
compared.  Expected  values  were  compared  to  observed  values  using  the  chi  square 
statistic. 

Finally,  tlie  rate  of  discovery  of  new  individuals  was  plotted.  The  number  of  new 
individuals  were  plotted  against  the  number  of  observations  in  the  order  in  which  they 
were  obtained.  When  all  the  individuals  in  a  population  have  been  photographed,  the 
slope  of  this  line  becomes  zero.  Therefore,  the  slope  of  the  resulting  hmction  at  the  end  of 
the  sampling  period  gives  an  indication  of  what  portion  of  the  total  population  has  been 
photographed. 

Results 

A  total  of  395.9  hours  were  spent  on  the  water  during  60  days  of  surveys.  The 
south  shore  boat  worked  on  58  days,  whereas  the  north  shore  boat  worked  on  13  days. 

The  mean  work  day  was  5.6  hours  long  with  a  range  of  1 .7  to  1 0.9  hours.  During  the 
entire  season,  32.3  hours  were  spent  recording  singing  whales,  which  was  subtracted  for 
the  following  calculations  of  effort. 

Effort  was  not  equally  distributed  throughout  the  study  area  (Fig.  2).  The  most 
time  was  spent  in  the  West  region  (199.6  hours),  primarily  because  this  region  was  most 
often  in  the  lee  of  bad  weather.  Proportionally  very  little  effort  was  made  in  the  North 
region  (39.3  hours),  due  to  the  late  acquisition  of  the  north  shore  boat  and  poor  weather 


conditions.  In  the  South  region  (total  efTort  of  124. 1  hours),  the  most  time  was  spent  in 
Zone  4,  the  zone  in  which  Port  Allen  and  the  south  shore  theodolite  station  was  located 
(Fig.  2b).  In  the  West  region,  the  most  time  was  spent  in  Zone  7,  most  likely  due  to  the 
disproportionate  area  that  this  zone  covered  and  the  fact  that  this  zone  was  most  often  in 
the  lee  of  prevailing  easterly  winds  (Fig.  2b).  In  the  Nonh  region,  the  most  time  was  spent 
directly  off  Hanalei  Bay  and  the  north  shore  theodolite  station  in  Zone  1 1,  with  very'  little 
time  spent  elsewhere  (Fig.  2b). 

Although  total  effort  was  distributed  equally  among  months  (effort  in  February  = 

1 12.7  hours,  in  March  =  122.5  hours,  and  in  April  =  12S.4  hours),  it  was  not  distributed 
equally  among  the  regions  through  time  (Fig.  2c).  As  j)reviously  noted,  most  of  the  North 
region  effort  was  concentrated  in  April.  Elfort  in  the  South  region  steadily  decreased 
throughout  the  season,  while  elfort  in  the  West  region  steadily  increased.  This  trend  was 
due  to  the  seasonal  commencement  and  strengthening  of  easterly  trade  winds  in  mid- 
March  to  April. 

Of  320  pods  sighted  over  the  entire  sampling  period,  locations  of  2S7  were 
recorded  (Fig.  3).  Of  222  pods  that  were  approached  for  identification  photographs, 
locations  of  207  were  recorded  (Fig.  4).  Sightings  were  distributed  throughout  the  study 
range  and  most  pods  were  sighted  within  or  along  the  100  fathom  contour.  Mother  and 
calf  pods  and  singers  were  sighted  throughout  the  study  area  (Fig.  5). 

Number  of  pods  sighted  per  unit  effort  was.  greatest  in  the  South  region  and  least 
in  the  North  region,  although  number  of  pods  approached  per  unit  effort  was  similar  for  all 
regions  (Fig.  6a).  Conversely,  number  of  whales  sighted  and  approached  per  unit  effort 
was  greatest  in  the  North  region  although  only  slightly  more  than  in  the  South  region  (Fig. 
6b).  The  number  of  pods  sighted  and  approached  per  unit  effort  steadily  decreased 
throughout  the  sampling  period  from  February  to  April  (Fig  7a).  The  same  decreasing 
trend  was  evident  in  number  of  whales  sighted  per  unit  effort  (Fig  7b).  When  hourly  rates 
of  pods  and  whales  sighted  are  divided  among  months  and  regions,  the  steadily  decreasing 
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trend  across  the  months  is  evident  in  al!  regions  (Fig  7c  and  d).  Data  from  the  regions 
were  also  more  similar  than  when  simply  lumped  for  the  entire  season.  For  region  by 
month  calculations,  any  region  which  had  less  than  30  hours  of  effort  in  a  month  was 
deleted  from  that  month;  these  were  the  North  region  in  February  (0  hours)  and  March 
(8.3  hours),  and  the  South  region  in  April  (12.1  hours). 

The  222  pods  that  were  approached  for  identification  were  comprised  of  a 
minimum  of  480  and  maximum  of  499  whales.  Approximately  1 1%  of  these  pods  were 
approached  in  the  North  region,  54%  in  the  West  region  and  35%  in  the  South  region 
(Table  1).  Mean  pod  size  for  the  entire  sample  was  2.26  /  2.35  (minimum  /  ma.ximum)  and 
varied  among  the  regions  (Table  1).  The  majority  of  pods  approached  contained  three  or 
fewer  whales  with  a  pod  size  of  one  being  the  most  frequent  (Fig.  6a).  There  was  some 
variation  among  the  regions:  the  modal  pod  size  in  the  North  region  was  tw'o  whales 
whereas  the  modes  in  the  South  and  West  regions  were  a  pod  size  of  one  (Fig.  6b). 
Although  the  largest  pods  were  seen  in  the  South  and  West  regions  (>  10  whales),  the 
North  region  had  a  greater  proportion  of  large  pods  containing  5  or  more  whales  (Fig. 

6b). 

The  majority  of  pods  approached  were  non-surface  active  pods  of  adults  without  a 
calf  (Table  2).  Pods  containing  a  mother  and  calf  comprised  14%  of  pods  approached, 
and  most  of  these  were  accompanied  by  one  or  more  escorts  (Table  2).  There  was 
variation  among  the  regions  with  the  highest  proportion  of  calf  pods  encountered  in  the 
West  region  and  the  lowest  in  the  North  region;  also  the  majority  of  calf  pods  in  the  West 
region  were  accompanied  by  an  escort(s),  whereas  the  North  and  South  regions  had 
equivalent  proportions  of  calf  pods  with  and  without  an  escort(s)  (Table  2).  The 
proportion  of  surface  active  pods  encountered  in  the  North  region  was  much  greater  than 
in  the  West  and  South  regions  (Table  2).  The  proportion  of  singers  encountered  was 
similar  among  the  regions,  although  the  South  region  had  a  slightly  smaller  proportion 
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than  the  West  or  North  regions.  Only  a  small  proportion  of  pods  were  reported  as 
containing  a  juvenile  (Table  2). 

Photographic  data  yielded  291  observations  of  251  unique  individuals  (Table  3). 
Thirty-three  individuals  were  observed  on  more  than  one  day  for  a  re-sight  rate  of  13. 1 5% 
(Table  3  and  Table  5).  The  most  observations  of  an  individual  was  of  a  mother  with  calf, 
catalogue  number  134,  observed  on  four  days  during  a  period  of  43  days  (Table  5).  Six 
individuals  were  observed  on  three  days,  and  the  remainder  (26  individuals)  were  observed 
on  two  days  (Table  5).  Number  of  elapsed  days  between  first  and  last  observation  for  all 
re-sighted  individuals  ranged  from  1  to  50  days  with  a  mean  of  14.9  days  (Table  3). 

The  number  of  obseivations  varied  among  the  regions,  as  did  effort  and  number  of 
pods  approached  (Table  4).  Re-sights  between  regions  were  similar  to  e.xpected  values, 
although  there  were  fewer  re-sights  than  e.xpected  within  the  South  region  and  more  than 
expected  within  the  West  region  (Table  4).  These  relationships  were  not  statistically 
significant,  however,  and  it  was  not  possible  to  reject  the  null  hypothesis  that  whales  are 
equally  likely  to  be  re-sighted  in  any  of  the  regions  (chi-square[5]  =  6.593,  P  >  0.10). 

The  rate  of  discovery  of  new  individuals  was  plotted  along  with  a  1;  1  function 
(i.e.,  if  all  obsen'ations  were  of  new  individuals)  for  comparison  (Fig.  7).  Although  the 
observed  function  was  sloping  away  from  the  l;l  function  after  the  29 1^^  observation,  it  is 
apparent  that  the  rate  of  discovery  of  new  individuals  was  still  high  at  the  end  of  the 
sampling  period. 

Discussion' 

It  is  difficult  to  draw  conclusions  concerning  the  relative  distribution  patterns  and 
abundance  of  humpback  whales  throughout  the  study  area  due  to  non-random  sampling 
and  unequal  effort  among  the  regions.  This  is  particularly  true  when  considering  the 
North  region.  Any  interpretations  of  data  concerning  the  North  region  have  to  take  into 
consideration  the  comparatively  small  sample  from  this  area  and  the  fact  that  it  was 
gathered  almost  entirely  during  April. 
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Pods  of  whales  were  distributed  throughout  the  study  range  and  tended  to  be 
,  clumped  just  within  or  along  the  100  fathom  depth  contour.  It  is  possible  that  this 
observation  is  an  artifact  due  to  the  non-random  manner  in  which  the  surveys  were 
conducted.  However,  effort  was  directed  towards  areas  where  there  were  concentrations 
of  whales.  Since  blows  of  humpback  whales  can  be  seen  from  several  kilometers  on  a 
clear  day,  it  is  unlikely  that  whales  closer  inshore  and  funher  offshore  would  not  have 
been  seen  and  approached.  Furthermore,  this  distribution  pattern  has  been  previously 
reported  (Can't  find  this  REF,  maybe  you  know  it;  I  will  ask  Joe)  and  is  confirmed  by  the 
aerial  surveys  conducted  during  this  study. 

Although  the  North  region  had  the  least  number  of  pods  sighted  per  unit  effort,  it 
had  the  greatest  number  of  whales  sighted,  and  approached,  per  unit  effort.  This  is 
directly  related  to  the  observation  that  the  North  region  had  the  highest  mean  pod  size,  a 
greater  proportion  of  large  pods  (>  4  whales),  and  by  far  the  greatest  proportion  of 
surface  active  pods  among  the  regions.  The  North  region  also  had  the  smallest  proportion 
of  calf  pods.  This  may  indicate  some  heterogeneity  in  pod  characteristics  among  the 
regions;  the  rougher,  more  exposed  North  region  may  contain  primarily  large  pods  of 
active  adults,  and  fewer  small,  resting  or  courting  pods  and  calf  pods.  It  is  also  likely  that 
these  observations  are  partly  artifacts  due  to  the  small  area  covered,  the  small  sample  size 
and  the  timing  of  sampling  in  the  North  region.  Similar  data  gathered  from  the  theodolite 
station  may  represent  a  less  biased  view  of  pods  off  the  north  shore. 

Most  importantly,  it  is  impossible  to  distinguish  between  effects  of  region  and 
month  on  these  data,  since  all  regions  were  not  sampled  equally  through  time.  For 
example,  the  observation  of  larger  pods  in  the  North  region  may  also  be  correlated  with 
the  month  of  April.  It  is  clear  that  the  sighting  rates  of  pods  and  whales  decreased 
throughout  the  sampling  period,  probably  due  to  decreasing  density  of  whales  from 
February  to  April.  This  obviously  has  a  biasing  effect  on  North  region  data.  Overall 
sighting  rates  of  both  pods  and  whales  are  less  in  the  West  region  than  the  South  region. 
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However,  when  the  data  is  viewed  by  month,  the  West  region  had  a  similar  sighting  rate  as 
the  South  in  February,  and  a  slightly  greater  rate  in  March.  It  is  quite  possible  that  all 
regions  had  similar  sighting  rates  across  the  season.  This  would  indicate  equivalent 
densities  of  whales  among  the  regions,  but  without  consistent  sampling,  no  definitive 
conclusions  can  be  made. 

Only  a  small  proportion  of  pods  approached  were  reported  to  contain  juveniles. 
This  may  not  be  reliable  since  there  was  no  objective  way  to  differentiate  between  a 
juvenile  and  small  adult,  and  there  was  likely  significant  inconsistency  among  observers. 

For  the  purposes  of  this  study,  it  is  safer  to  lump  pods  containing  a  juvenile  with  pods  of 
adults. 

Photographic  identification  data  indicated  a  potentially  large  population  of 
humpback  whales  around  Kauai.  The  minimum  population  size  was  251,  the  number  of 
different  individuals  identified;  however,  this  number  probably  represents  only  a  fraction  of 
the  actual  population.  A  re-sight  rate  of  13.15  %  of  individuals  identified  is  consistent 
with  1991  data  (number  of  individuals  =  206,  re-sight  rate  =  1 5.05  %;  Cerchio,  Gabriele 
and  Frankel  1991).  This  is  a  relatively  small  percentage  and  would  result  from  a  large 
and/or  possibly  transient  population.  The  rate  of  discovei7  of  new  whales  was  still  high  at 
the  end  of  the  season,  indicating  that  only  a  small  portion  of  the  total  population  had  been 
identified  or  that  there  was  an  unknown  degree  of  immigration  and  emigration  during  the 
season. 

Cerchio  efal.  (1991)  found  only  40  of  1089  individuals  in  common  between  Kauai 
and  the  island  of  Hawaii,  indicating  only  limited  exchange  between  these  areas.  There  may 
be  more  extensive  exchange,  however,  between  Kauai  and  Oahu  or  the  Maui  region. 

There  is  probably  regular  exchange  between  Kauai  and  Niihau,  as  indicated  by 
concentrations  of  whales  around  Niihau  and  throughout  the  intervening  channel  (Mobley 
and  Bauer  1991).  It  is  not  possible  to  assess  the  degree  or  effect  of  temporary 
immigration  and  emigration  on  mark-recapture  without  simultaneous  sampling  off'the 
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other  islands.  It  is,  therefore,  not  advisable  to  make  inferences  about  population 
abundance  using  this  data  alone.  Cerchio  et  al.  (1991)  estimated  population  abundance  off 
Kauai  at  3022  (s.e.  =  841)  using  the  Schnabel  estimator  and  between  year  comparisons 
from  1989  to  1991.  This  estimate  may  also  be  inflated  due  to  temporary  immigration  and 
emigration,  and  therefore,  should  be  considered  with  some  caution. 

Elapsed  days  between  first  and  last  observations  of  re-sighted  individuals  may  give 
an  indication  of  residence  time  of  whales  around  Kauai.  The  mean  among  all  individuals 
of  14.9  days  is  consistent  with  the  1991  mean  of  14.7  days  (number  of  re-sighted 
individuals  =  31;  Cerchio  et  al.  1991).  Probably  the  most  notewortliy  sigluing  record  Is  of 
a  female  with  calf  that  was  photographed  on  four  days  between  10  Februaiy  and  25 
March,  a  period  of  43  days.  There  was  an  elapsed  time  of  39  days  between  her  first  and 
second  sighting,  however,  and  it  is  vei^  possible  that  she  moved  out  of  Kauai  waters 
during  that  period.  Cerchio  et  al.  (1991)  reported  the  shortest  observed  transit  between 
Kauai  and  the  island  of  Hawaii  as  7  days.  Whales  can  and  do,  therefore,  move  throughout 
the  island  chain  in  relatively  short  periods.  It  is  very  likely  that  the  longer  elapsed  periods 
between  sightings  do  not  accurately  represent  residency  ns  defined  by  site  tenacity.  The 
mean  of  14.7  days  would,  therefore,  be  biased  upwards.  An  accurate  measure  of 
residency  around  any  region  could  only  be  confidently  determined  with  the  use  of  radio  or 
satellite  telemetry. 

Between  region  re-sight  data  suggested  random  movement  throughout  the  three 
regions,  rather  than  affinities  for  specific  areas  around  the  island.  Although  the  sample 
size  from  the  North  region  was  small  and  not  concurrent  with  the  other  regions,  it  was 
statistically  equally  probable  to  re-sight  an  individual  in  any  region  once  it  was  obsen/ed. 
This  is  not  a  surprising  result  considering  the  small  area  represented  by  Kauai  waters  in 
comparison  to  the  entire  Hawaiian  Island  chain.  If  animals  move  throughout  the  island 
chain  during  a  season  (Baker  and  Herman  1981;  Darling  and  MeSweeney  1985;  Cerchio 
et  al.  1991),  it  is  probable  that  they  move  freely  around  any  one  island,  panicularly  one  the 
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size  of  Kauai.  Although  statistically  not  significant,  there  was  a  lower  than  e.xpected  re¬ 
sight  rate  within  the  South  region  dnd  higher  than  expected  in  the  West  region.  This  may 
indicate  some  degree  of  affinity  for  the  West  region,  and  transience  in  the  South  region; 
however,  it  may  also  be  related  to  the  sampling.  The  South  region  was  sampled  primarily 
in  the  first  half  of  the  season,  whereas  the  West  region  was"  sampled  more  equally 
throughout  the  season,  allowing  a  greater  opportunity  for  re-sight  within  the  West  region. 

Summary 

Photographic  identification  surveys  were  done  during  February  to  April,  1993,  to 
investigate  distribution  and  movement  patterns  of  humpback  whales  offi  Kauai.  Pods  were 
distributed  throughout  three  regions  of  the  study  area  (South,  West  and  North  sides  of  the 
island),  primarily  along  and  within  liic  100  falliom  depth  contour.  Hourly  rates  of 
sighting  whales  decreased  from  Februaiy  to  March  to  April  in  each  region.  Photographic 
data  yielded  29 1  observations  of  25  1  unique  individuals.  A  relatively  low  re-sight  rate 
(13.15%)  and  a  high  rate  of  discoveiy  of  new  individuals  at  the  end  of  the  sampling  period 
suggested  a  much  larger  population  of  whales  than  the  251  identified.  Mark-recapture  of 
individuals  suggested  random  movement  among  the  three  regions.  Observations  are 
presented  on  the  composition  of  pods  among  the  regions,  however,  caution  is  advised  in 
the  interpretation  of  such  data  due  to  unavoidable  inconsistencies  in  sampling  among 
regions  and  months. 
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Ibnalei  Day 


Figure  1.  Chart  of  Kauai  indicaiing  locations  of  12  zones  and  three  regions  used  in 
analysis  of  sighting  and  photographic  ideniificaiion  data. 


Figure  2.  Effort  as  expressed  by  hours  on  the  water  off  Kauai  in  1993  for  (a)  each  region, 
(b)  each  zone,  and  (c)  each  month  and  region.  Time  spent  recording  singers  (32.3  hours) 
was  subtracted  from  total  time  on  water  (395.9  hours)  since  pods  were  not  being 
approached  for  photographic  identification  during  recording  sessions. 


Figure  3.  Chart  of  Kauai  showing  location  of  287  pods  of  humpback  whales  sighted 
during  photographic  identification  surveys. 


Rgure  4.  Chart  of  Kauai  showing  location  of  207  pods  of  humpback  whales  approached 
for  photographic  identification. 


Figure  5.  Chart  of  Kauai  showing  location  of  29  mother  and  calf  pods  and  33  singers 
approached  for  photographic  identification  during  1993. 


b. 


Figure  6.  Hourly  rates  of  (a)  pods  and  (b)  whales  both  sighted  and  approached 
throughout  the  season  in  each  region.  Rates  were  calculated  by  dividing  the  total  number 
of  pods  and  whales  sighted  or  approached  in  each  region  by  the  total  effort  in  each  region. 
Summation  of  minimum  pod  size  estimates  were  used  for  total  number  of  whales. 


03  Appich. 


shown  are  hourly  rates  of  (c)  pods  and  (d)  whiaes  sighted  in  each  month  divided  among  regions;  missing  bars  indicate  months  when 
fewer  than  15  hours  of  effort  were  dedicated  to  a  given  region.  Rates  were  calculated  by  dividing  the  total  number  of  pods  and  whales 
sighted  or  approaclied  by  the  total  effort.  Summation  of  minimum  pod  size  estimates  were  used  for  total  number  of  whales. 


Figure  8.  (a.)  Frequency  distribution  of  minimum  pod  size  for  237  pods  of  humpback 
whales  approached  for  photographic  identification  off  Kauai  during  1993.  Mean  minimum 
pod  size  was  2.26  ^  s.d.  1.73.  (b.)  Distribution  of  minimum  pod  size  for  each  region  as 
expressed  as  percentage  of  total  pods  approached  in  each  region. 


Number  of  new  individuols 


Figure  7.  The  rate  of  discovei7  of  previously  unidentified  individuals  off  Kauai  in  1993. 
Number  of  observations  are  plotted  against  the  discovery  of  new  individuals  in  the  sample 
in  the  order  in  which  they  were  obtained. 


Table  1.  Summary  of  pods  approached  for  photographic  identification  off  Kauai  during 
1993.  Pod  size  was  estimated  as  minimum  and  maximum  for  each  pod.  Regional  totals 
are  indicated.  For  mean  pod  size  calculations,  pods  that  affiliated  were  counted  as  three 
pods:  two  pods  before  affiliation  and  a  third  pod  after  affiliation  (with  the  exception  of  a 
singleton  joining  a  pod  of  >  5  whales,  so  as  not  to  bias  towards  large  pods). 


Total 

South 

West 

North 

No.  pods  approached 

222 

78 

120 

24 

Minimum  no.  whales 

480 

171 

.  242 

67 

Maximum  no.  whales 

499 

178 

250 

71 

Mean  min.  pod  size  (s.d.) 

2.26(1.73) 

2.30  (1.84) 

2.11  (1.56) 

2.83  (2.04) 

Mean  max.  pod  size  (s.d.) 

2.35  (1.80) 

2.39  (1.86) 

2.18  (1.61) 

2.97  (2.28) 

Table  2.  Pod  class  for  222  pods  approached  for  photographic  identification  otT  Kauai 
during  1993.  The  sample  is  sub-divided  by  region  and  values  are  expressed  as  percentages 
of  total  pods  approached  in  each  region. 


Total 

South 

West 

North 

Pods  containing  a  calf 

14.0% 

10.4% 

17,4% 

8.3% 

Pods  of  adults  -  trav.  or  resting 

56.3% 

64.9% 

53.7% 

41.7% 

Mother  and  calf  pods 

4.5% 

5.2% 

4.1% 

4.2% 

Mother,  calf  and  escort  pods 

9.5% 

5.2% 

13.2% 

4.2% 

Surface  active  pods 

9.0% 

6.5% 

6.6% 

29.2% 

Singer  pods 

16.7% 

13.0% 

IS.  2% 

20.8% 

Pods  containing  juvenile(s) 

4.1% 

5.2% 

4.1% 

0.0% 

Table  3.  Summary  of  photographic  identification  data  of  humpback  whales  off  Kauai  during 
1993. 


Year 

U  Obs. 

#  Ind. 

rf  Ind. 

RS. 

%  Ind. 
RS. 

Mean  H 
Days 

Range 

Days 

1993 

291 

251 

J  J 

13.15% 

14.9 

1  -  50 

#  Obs.  =  Total  observations  of  individual  whales  (1  observation  =  one  or  more  photographic 

sightings  of  an  individual  during  one  day). 

#  Ind.  =  Total  of  different  individuals. 

#  Ind.  RS.  =  Number  of  individuals  sighted  on  more  than  one  day  during  a  single  season. 

%  Ind.  RS.  =  Percentage  of  individuals  sighted  on  more  than  one  day  during  a  single  season. 
Mean  #  Days  =  Mean  number  days  between  first  and  last  sighting  of  re-sighted  individuals. 
Range  Days  =  Range  of  elapsed  days  for  re-sighted  individuals. 


Table.  4.  Number  of  observations  within  each  region  and  number  of  re-sights  between  each 
region.  Expected  number  of  re-sights  between  each  region  are  shown  within  (),  and  were 
generated  by  multiplying  the  total  number  of  re-sights  by  the  proportion  of  observations  from 
both  regions.  From  this  sample  of  photographs,  it  was  not  possible  to  reject  the  null  hypothesis 
that  there  is  an  equal  probability  of  sighting  a  previously  sighted  individual  in  any  of  the  three 
regions  (Chi-square  [5]  =  6.593,  P  >  0. 10) 


#  Obs. 

U  Re-sights 

South 

West 

North 

South 

109 

6(11.2) 

17(14.5) 

6  (4.2) 

West 

141 

12(18.8) 

7(5.5) 

North 

41 

2(1.6) 

Table  5.  Individuals  sighted  on  more  than  one  day  during  1993  with  pod  and  individual 
information  for  each  sighting.  (See  bottom  of  table  for  heading  descriptions). 


Pod  Size 


Cat.  # 

Date 

Zone 

Reg. 

dT 

TOTdT 

Sbcl. 

Sex 

Min. 

Max. 

Comp. 

Calf 

004 

2/4/93 

5 

South 

A 

U 

2 

2 

A 

N 

004 

2/12/93 

5 

South 

S 

8 

A 

U 

4 

A 

N 

005 

2/3/93 

5 

South 

A 

U 

5 

6 

SA 

N 

005 

2/18/93 

7 

West 

15 

15 

A 

U 

.3 

■-> 

J 

A 

N 

131 

2/6/93 

5 

South 

A 

U 

J 

131 

2/26/93 

7 

West 

20 

20 

A 

U 

5 

5 

-SA 

N 

132 

2/6/93 

5 

South 

A 

U 

3 

3 

132 

2/15/93 

4 

South 

9 

9 

A 

u 

A 

J 

S/A 

N 

034 

2/7/93 

4 

South 

A 

u 

2 

2 

A 

N 

034 

2/14/93 

South 

7 

7 

A 

u 

3 

J 

A 

N 

07S 

2/S/93 

5 

South 

A 

3 

n 

J 

A 

N 

07S 

2/1.5/93 

4 

South 

7 

7 

S 

M 

1 

1 

S 

N 

134 

2/10/93 

2 

South 

M 

F 

2  ' 

2 

MC 

Y 

134 

3/21/93 

7 

West 

39 

M 

F 

2 

2 

MC 

Y 

134 

3/22/93 

7 

West 

1 

M 

F 

3 

J 

MCE 

Y 

134 

3/25/93 

8 

West 

3 

43 

M 

F 

•*> 

J 

3 

MC 

Y 

201 

2/1 1/93 

5 

South 

A 

6 

6 

A 

N 

201 

2/27/93 

7 

West 

16 

16 

S 

M 

1 

1 

S 

N 

091 

2/1 1/93 

5 

South 

S 

M 

1 

1 

s 

N 

091 

4/2/93 

11 

North 

50 

50 

A 

8 

10 

SA 

N 

113 

2/12/93 

5 

South 

A 

U 

J 

4 

A 

N 

113 

2/21/93 

6 

West 

9 

9 

A 

U 

2 

2 

A 

N 

026 

2/16/93 

2 

South 

A 

U 

3 

3 

A 

N 

026 

3/23/93 

6 

West 

35 

35 

A 

U 

2 

2 

A 

N 

121 

2/20/93 

6 

West 

A 

U 

2 

2 

J 

N 

121 

2/26/93 

7 

West 

6 

A 

U 

2 

2 

A 

N 

121 

2/27/93 

8 

West 

1 

7 

A 

U 

5 

5 

SA 

N 

Table  5.  (continued) 


Pod  Size 


Cat.  # 

Date 

Zone 

Reg. 

dT 

TOTdT 

Sbcl. 

Sex 

Min. 

Max. 

Comp. 

Calf 

191 

2/25/93 

7 

West 

A 

U 

3 

3 

A 

N 

191 

3/12/93 

4 

South 

15 

15 

A 

U 

J 

3 

A 

N 

006 

2/26/93 

7 

West 

S 

M 

1 

1 

S 

N 

006 

3/5/93 

6 

West 

7 

7 

A 

1 

1 

A 

N 

028 

2/28/93 

7 

West 

A 

U 

■  2 

2 

A 

N 

028 

3/24/93 

8 

West 

24 

A 

U 

14 

14 

SA 

N 

028 

4/1 1/93 

7 

West 

IS 

42 

A 

U 

4 

4 

SA 

N 

130 

3/4/93 

6 

West 

J 

U 

1 

1 

J 

N 

130 

3/12/93 

2 

South 

8 

8 

J 

U 

1 

1 

J 

N 

209 

3/4/93 

6 

West 

A 

u 

2 

2 

A 

N 

209 

3/16/93 

4 

South 

12 

12 

A 

u 

2 

2 

A 

N 

215 

3/8/93 

4 

South 

E 

M 

4 

4 

MCE 

Y 

215 

4/4/93 

S 

West 

27 

27 

A 

J 

3 

A 

N 

139 

3/8/93 

4 

South 

A 

u 

5 

5 

A 

N 

139 

3/24/93 

8 

West 

16 

16 

A 

u 

14 

14 

SA 

N 

170 

3/8/93 

4 

South 

A 

u 

5 

5 

A 

N 

170 

3/24/93 

S 

West 

16 

A 

u 

14 

14 

SA 

N 

170 

3/25/93 

9 

North 

1 

17 

A 

u 

2 

2 

A 

N 

138 

3/8/93 

5 

South 

A 

u 

1 

1 

A 

N 

138 

3/25/93 

9 

North 

17 

A 

u 

2 

2 

A 

N 

138 

4/2/93 

11 

North 

8 

25 

A 

u 

8 

10 

SA 

N 

140 

3/9/93 

5 

South 

A 

u 

4 

4 

SA 

N 

140 

3/24/93 

8- 

West 

15 

A 

u 

14 

14 

SA 

N 

140 

3/25/93 

1 1 

North 

1 

16 

A 

u 

7 

7 

SA 

N 

045 

3/17/93 

4 

South 

A 

10 

10 

SA 

N 

045 

3/18/93 

4 

South 

1 

1 

S 

M 

1 

1 

S 

N 

188 

3/17/93 

4 

South 

A 

u 

10 

10 

SA 

N 

188 

3/19/93 

5 

South 

2 

2 

A 

u 

14 

14 

SA 

N 

Table  5.  (continued) 


Pod  Size 


Cat.  # 

Date 

Zone 

Reg. 

dT 

TOTdT 

Sbcl. 

Sex 

Min. 

Max. 

Comp. 

Calf 

221 

3/17/93 

4 

South 

A 

U 

10 

10 

SA 

N 

221 

3/25/93 

11 

North 

8 

8 

A 

U 

7 

7 

SA 

N 

225 

3/19/93 

5 

South 

A 

14 

14 

SA 

N 

225 

3/21/93 

S 

West 

2 

2 

S 

M 

1 

1 

S 

N 

010 

3/19/93 

5 

South 

A 

U 

14 

14 

SA 

N 

010 

3/24/93 

8 

West 

5 

5 

A 

U 

14 

14 

SA 

N 

187 

3/21/93 

8 

West 

A 

U 

2 

2 

A 

N 

187 

3/25/93 

10 

North 

4 

4 

A 

U 

7 

7 

SA 

N 

105 

3/22/93 

7 

West 

E 

M 

4 

4 

MCE 

Y 

105 

4/15/93 

7 

West 

24 

24 

A 

6 

7 

SA 

Y 

193 

3/24/93 

S 

West 

A 

U 

14 

14 

SA 

N 

193 

3/25/93 

10 

North 

1 

1 

A 

U 

4 

4 

SA 

N 

088 

3/25/93 

1 1 

North 

A 

U 

7 

7 

SA 

N 

088 

4/9/93 

s 

West 

15 

15 

A 

U 

4 

4 

MCE 

Y 

167 

3/25/93 

10 

North 

A 

U 

4 

4 

SA 

N 

167 

4/1/93 

11 

North 

7 

A 

U 

6 

6 

A 

N 

167 

4/11/93 

7 

West 

10 

17 

A 

u  , 

4 

4 

SA 

N 

019 

4/7/93 

6 

West 

A 

u 

I 

1 

A 

N 

019 

4/9/93 

8 

West 

2 

2 

M? 

F? 

4 

4 

MCE 

Y 

Cat.  #  =  catalogue  number  of  individual 

Reg.  =  region  (south,  west,  north) 

dT  =  elapsed  days  between  consecutive  sightings 

TOTdT  =  elapsed  days  between  first  and  last  sighting 

Sbcl.  =  subclass  of  individual  (A  =  adult,  J  =  juvenile,  M  =  mother,  E  =  escort  of  mother, 

S  =  singer) 

Min.  =  minimum  size  estimate  of  pod 
Max.  =  maximum  size  estimate  of  pod 

Comp.  =  pod  composition  (A  =  resting  or  traveling  pod  of  adults,  J  =  pod  containing  a  juvenile, 
MC  =  mother  and  calf  pod,  MCE  =  mother,  calf  and  escort  pod,  SA  =  surface  active  pod, 
S  =  singer  pod) 

Calf  =  presence  of  calf  (Yes  or  No) 
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L  BACKGROUND 


A.  HAWAIIAN  CETACEANS 
Research 

With  the  exception  of  spinner  dolphins  and  seasonally-resident  humpback  whales,  there 
has  been  a  lack  of  systematic  research  on  Hawaii’s  resident  cetacean  species.  Literature 
pertaining  to  humpback  whales  is  considerably  larger  and  is  summarized  in  a  separate 
section  below.  The  presence  ofother  cetacean  species  has  been  documented  incidentally 
in  surveys  of  other  species,  primarily,  humpback  whales  (Shallenberger,  1981).  In  many 
cases,  these  sightings  have  been  unpublished  and  are  based  on  personal  communications. 


Protection,  Legislation  and  Management 

All  marine  mammals  within  the  U.S.  and  territorial  waters  are  currently  protected  by  the 
Marine  Mammal  Protection  Act  of  1972,  as  amended.  The  National  Marine  Fisheries 
Service  (NMFS)  of  the  National  Oceanic  and  Atmospheric  Administration  (NOAA)  is 
charged  with  the  interpretation  and  administration  of  this  act  Humpback  whales  are 
additionally  protected  by  the  Endangered  Species  Act  of  1973,  as  amended,  and  have  been 
protected  by  an  international  whaling  moratorium  since  1966.  Humpbacks  are  further 
protected  in  Hawaiian  waters  by  anti-harassment  regulations  that  are  enforced  by  NMFS 
(Federal  Register,  1987).  These  regulations  established  a  minimum  approach  distance  of 
100  yards  for  all  Hawaiian  waters  and  a  minimum  approach  of  300  yards  for  the  waters 
within  Maalaea  Bay,  Maui  and  ponions  of  Lanai  coastal  waters.  Violators  are  subject  to 
fines.imprisonment,  or  both.  NMFS  recently  published  the  final  draft  of  the  Humpback 
Whale  Recovery  Plan  (NMFS,  1991)  that  reviewed  all  pertinent  literature  and  established 
objectives  for  population  management. 

Cetaceans  Found  in  Hawaiian  Waters 

Shallenberger  (1981)  identified  24  species  of  cetaceans  (five  Mysticete  and  19  Odontocete 
species)  in  Hawaiian  waters  on  the  basis  of  identification  of  stranded  specimens  or  field 
observations  (see  Table  1).  Nitta  (1987)  documented  all  cases  of  stranded  cetaceans 
recorded  between  the  years  of  1936  and  1988  which  included  11  of  the  species  identified 
by  Shallenberger.  From  both  sets  of  data  combined  it  is  clear  that  of  the  Mysticete 
species,  only  the  humpback  whale  {Megaptera  novaeangliae)  can  be  considered  to  be  at 
least  seasonally  resident.  Sightings  of  the  remaining  four  Mysticete  species  (Bryde’s, 
finback,  minke  and  right  whales)  were  so  rare  as  to  be  considered  anomalous. 

Of  the  Odontocete  species  shown  in  Table  1,  five  were  identified  on  only  one  or  a  few 
instances  and  are  similarly  designated  as  anomalous.  The  remaining  14  species  are 
designated  as  rare,  uncommon,  or  common  in  order  of  increasing  occurrence. 
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Odontocete  Prey  Species 

Unlike  humpback  whales,  which  presumably  do  not  feed  while  wintering  in  Hawaiian 
waters  (cf.  Baraff,  Clapham,  Mattila  &  Bowman,  1991),  the  behavior  and  distribution  of 
Odontocete  species  is  presumably  driven  by  the  distribution  of  their  prey  species.  What 
little  is  known  of  the  feeding  habits  of  Odontocete  species  in  Hawaii  has  been  gleaned 
from  examinations  of  stranded  specimens,  occasional  field  observations  and  from 
generalizations  based  on  more  extensive  literature  for  other  regions.  Shallenberger  (1981) 
noted  that  a  significant  portion  of  the  diet  of  smaller  Hawaiian  cetaceans  is  made  up  of 
epipelagic  and  mesopelagic  fish  and  squid.  Primarily  this  includes  myctophid  fish,  some 
of  which  migrate  at  night  to  within  200  m  of  the  surface,  and  several  species  of  squid 
which  also  show  vertical  diurnal  migrations,  including  Abralia  trigmura  and  A.  astrostica. 
Shallenberger  underscored  the  importance  of  squid  to  Odontocete  diets  by  noting  that 
virtually  every  stranded  specimen  examined  contained  squid  beaks  in  its  stomach  contents. 
The  myctophid  species  of  fish  are  also  commonly  found  in  Hawaiian  cetaceans  (Shomura 
and  Hida,  1965).  Local  fish  species  of  likely  importance  include;  opelu  (Decapterus 
pinnulatus  and  D.  maruadsi)  and  akule  (Trachurops  crumenophthalmus).  Shallenberger 
reported  that  larger  cetaceans  have  been  observed  eating  mahimahi  {Coryphaena 
hippurus),  yellowfin  tuna  {Thunnus  albacares)  and  skipjack  tuna  {Katsuwonus  pelamis). 
These  species  are  all  commercially  important  and  their  relative  availability  can  be 
assessed  using  catch  statistics  (Shallenberger,  1981). 

Predators 

Information  relevant  to  cetacean  predation  has  been  primarily  anecdotal  (Shallenberger, 
1981).  Sharks  have  been  observed  to  feed  on  live  cetaceans  in  other  oceans  (e.g., 
Leatherwood,  Evans  and  Rice,  1972;  Leatherwood  et  al.,  1973)  but,  according  to 
Shallenberger,  have  not  been  observed  doing  so  in  Hawaiian  waters.  Accounts  exist  of 
unidentified  cetacean  remains  in  the  stomach  contents  of  tiger  sharks  (Galeocerdo  covieri) 
harvested  in  Hawaii,  but  it  is  not  known  whether  the  animals  were  alive  or  dead  when 
eaten.  Additional  indirect  evidence  of  shark  attacks  on  cetaceans  occur  in  the  form  of 
crescent-shaped  scars  on  the  bodies  of  living  specimens.  Hawaiian  cetaceans  arc  also 
frequently  seen  with  the  small  circular  scars  characteristic  of  "cookie  cutter"  sharks 
(Isistius  brasiliensis).  These  small  bites  generally  heal  and  are  not  known  to  be  fatal. 


93  ATOC  Report  —  Page  3 


TABLE  1 

Cetacean  Species  Found  in  Hawaii  with  Results  of  1993  Aerial  Surveys 

Depth  of 
’93  sightings 
(fathoms) 


Common  (Scientific)  Name 


MYSTICETES: 

Humpback  whale  (Megaptera  novaeangliae) 

Bryde’s  whale  {Balaenoptera  edeni) 

Fin  whale  (B.  physaliis) 

Minke  whale  (B.  acutorostrata) 

Right  whale  {Balaam  glacialis) 

ODONTOCETES: 

Spinner  dolphin  {Stenella  longirostris) 
Spotted  dolphin  (Stenella  attenuata) 

False  killer  whale  (Pseudorca  crassidens) 

Bottlenosed  dolphin  (Tursiops  gilli) 

Pilot  whale  (Globicephala  macrorhynchus) 

Rough-toothed  dolphin  (Steno  bredanensis) 

Sperm  whale  (Physeter  catodon) 

Pygmy  sperm  whale  (Kogia  breviceps) 
Melon-headed  whale  (Peponocephala 
electra) 

Pygmy  killer  whale  (Feresa  attenuata) 

Striped  dolphin  (Stenella  coeruleoalba) 
Risso’s  dolphin  (Grampus  griseus) 

Goosebeaked  whale  (Ziphius  cavirostris) 
Densebeaked  whale  (Mesoplodon 
densirostris) 

Common  dolphin  (Delphinus  delphis) 


Observations 

Frequency 

<100 

>100 

field  obs  (many) 

Common 

yes 

>es 

stranding  (8) 
field  obs  (few) 

Anomalous 

stranding  (1) 

Anomalous 

field  obs  (1) 

Anomalous 

field  obs  (1) 

Anomalous 

field  obs  (many) 

Common 

yes 

>es 

field  obs  (many) 

Common 

yes 

>es 

field  obs  (many) 
stranding  (4) 

Common 

yes 

>es 

field  obs  (many) 

Common 

yes 

yes 

stranding  (3) 
field  obs  (many) 

Common 

no 

>es 

stranding  (11) 
field  obs  (many) 

Common 

stranding  (5) 
field  obs  (many) 

Uncommon 

no 

>es 

stranding  (5) 
stranding  (8) 

Uncommon 

no 

field  obs  (many) 
stranding  (10) 

Uncommon 

field  obs  (many) 
stranding  (5) 

Uncommon 

stranding  (13) 

Rare 

field  obs  (2) 
stranding  (4) 

Rare 

stranding  (5) 

Rare 

no 

yes 

field  obs  (1) 

Rare 

stranding  (2) 
field  obs  (1) 

Anomalous 
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Whitesided  dolphin  {Lagenorhynchits 
obliquidetis) 

Dwarf  sperm  whale  (Kogia  simus) 

Killer  whale  {Orcinus  orca) 

Bottlenose  whale  (Hyperoodon  ampullatus) 


field  obs  (1) 

field  obs  (1) 
stranding  (1) 
stranding  (1) 
field  obs  (1) 


Anomalous 

Anomalous 

Anomalous 

Anomalous 


(a)  Table  adapted  from  Table  1  of  Forestell  &  Brown  (1992)  which  was  based  primarily 
on  Shallenberger  (1981).  Stranding  results  are  for  period  1936-1987  as  taken  from 
Nitta  (1987).  Numbers  in  parentheses  indicate  numbers  of  strandings  or  field 
observations  on  record.  Results  of  1993  survey  were  added  from  unpublished  data. 
Frequency  is  noted  in  decreasing  magnitude  as  follows:  common,  uncommon,  rare 
and  anomalous. 


(b)  The  sighting  data  of  Shallenberger  (1981)  are  at  odds  with  the  stranding  data  of  Nitta 
(1987)  for  striped  dolphins  {Stenella  coeruleoalba).  Su-iped  dolphins  were  noted  as 
"rarely  observed"  by  Shallenberger  but  were  listed  by  Nitta  as  the  species  with 
greatest  frequency  of  stranding.  The  source  of  this  discrepency  is  unclear. 
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B.  HUMPBACK  WHALES 

North  Pacific  Population  of  Humpback  Whales 

Humpback  whales  migrate  each  year  from  summer  coastal  feeding  grounds  in  high 
latitudes  to  breeding  and  calving  grounds  near  islands  or  shallow  banks  in  low-latitude 
waters.  Populations  of  humpback  whales  are  found  in  most  of  the  world’s  oceans,  but 
intensive  twentieth-century  whaling  reduced  their  numbers  to  a  small  fraction  of  their 
original  abundance.  The  size  of  the  north  Pacific  population  was  estimated  earlier  to  be 
approximately  10%  of  the  species’  pre-whaling  abundance  (Rice,  1978;  Wolman,  1978). 
Prior  to  the  1970s,  most  of  the  information  concerning  the  natural  history  of  humpback 
whales  came  from  harvested  specimens  primarily  in  the  southern  oceans  (e.g.,  Dawbin, 
1966;  Chittleborough,  1954,  1955).  During  the  past  two  decades  the  focus  of  research 
has  shifted  to  field  studies  of  free-ranging  specimens  aided  by  the  use  of  natural  markings 
on  the  flukes  to  identify  individuals.  Analysis  of  photographs  of  these  natural  markings 
(primarily  variations  of  black  and  white  pigment  found  on  the  ventral  surface  of  the 
flukes)  have  contributed  substantially  to  our  understanding  of  the  population  structure, 
social  ecology  and  reproductive  patterns  of  this  species  (see  review  in  Perry  et  al.  1988). 

The  structure  of  the  north  Pacific  population  of  humpback  whales  is  poorly  understood. 
Kellogg  (1929),  using  the  observations  of  early  whalers,  suggested  that  humpback  whales 
in  the  north  Pacific  were  divided  into  an  American  and  Asian  stock.  He  proposed  that 
the  Asian  stock  wintered  in  tropical  waters  south  of  Japan  and  traveled  north  to  feeding 
areas  in  the  Sea  of  Okhotsk  and  along  the  Kamchatka  Peninsula.  The  American  stock 
was  thought  to  breed  in  the  waters  off  the  west  coast  of  Mexico  and  travel  northward 
along  the  coast  of  North  America  to  feeding  grounds  in  the  Gulf  of  Alaska,  the  Bering 
Sea,  and  near  the  Aleutian  Islands.  At  that  time  there  was  no  evidence  of  exchange 
between  the  American  and  Asian  stocks.  Recently,  however.  Darling  (1991)  reported  a 
resight  of  a  humpback  whale  seen  in  the  waters  surrounding  Ogasawaia,  Japan,  as  well 
as  the  island  of  Kauai.  Recent  analyses  of  humpback  whale  songs  recorded  in  the 
wintering  grounds  off  Mexico,  Hawaii  and  Japan  also  support  the  possibility  of 
cross-Pacific  exchange  (Helweg  et  al.  1993)  since  some  "themes"  (recurring  features  of 
song)  were  found  common  to  all  three  wintering  regions.  The  Hawaiian  wintering 
grounds  were  apparently  not  known  to  Kellogg,  nor  to  other  authors  discussing  the  north 
Pacific  humpback  whales  (e.g.,  Nishiwaki,  1966).  The  Hawaiian  grounds  have  been 
studied  intensively  only  since  the  mid-1970s  (e.g.,  Herman  and  Antinoja,  1977;  Tyack, 
1981;  Darling,  Gibson  and  Silber,  1983;  Glockner  and  Venus,  1983).  Herman  (1979) 
proposed  that  the  whales  *may  have  "arrived"  in  Hawaiian  waters  possibly  no  earlier  than 
the  mid- 1800s.  Among  other  evidence,  Herman  noted  the  fact  that  there  is  no  specific 
word  for  "humpback  whale"  in  the  Hawaiian  language  and  no  mention  of  the  existence 
of  Hawaiian  humpback  whales  in  the  logs  of  European  whalers  (despite  the  use  of 
Lahaina  and  other  ports  for  stocking  whaling  ships)  until  the  mid-nineteenth  century. 
Iftrue,  this  hypothesis  might  explain  the  lack  of  awareness  of  Kellogg  and  other  earlier 
authors  concerning  the  seasonal  residence  of  humpback  whales  in  Hawaiian  waters.  More 


93  ATOC  Report  --  Page  6 


recent  photographic  identification  data,  focused  primarily  on  the  habitats  in  the  central  and 
eastern  north  Pacific,  have  revealed  patterns  of  exchange  between  southern  wintering 
areas  in  Hawaii  and  Mexico,  and  northern  feeding  areas  in  the  waters  surrounding  the 
Farallon  Islands  off  the  central  California  coast.  Southeastern  Alaska,  and  Western  Gulf 
of  Alaska  (Perry  et  al.,  1988).  In  contrast  to  migradon  from  winter  to  summer  regions, 
cases  of  movement  from  one  summer  feeding  area  to  another  are  rare.  Based  on  these 
patterns  of  movement,  Baker  et  al.  (1986)  proposed  that  humpback  whale  groups  in  the 
north  Pacific  are  best  described  as  "structured  stocks"  that  consist  of  several  feeding  herds 
which  intermingle  to  breed  on  one  or  more  wintering  grounds. 

Humpback  Whales  in  Hawaiian  Waters 

Several  authors  have  noted  the  tendency  for  humpback  whales  to  congregate '  in 
shallow-water  banks  and  island  areas  during  the  winter  breeding  season  (Herman  and 
Antinoja,  1977;  Chittleborough,  1965).  Though  opportunistic  feeding  in  low-ladtude 
waters  has  been  observed  (Baraff,  Clapham,  Manila  &  Bowman,  1991)  humpback  whales 
harvested  in  the  southern  breeding  grounds  typically  have  empty  or  near-empty  stomachs 
(Dawbin,  1966;  Tomilin,  1967)  which  suggests  that  feeding  does  not  generally  occur 
during  the  winter  months.  Thus,  the  preference  for  shallow  water  is  not  likely  based  on 
prey  availability.  Other  authors  have  conjectured  that:  a)  shallow,  inshore  waters  offer 
greater  protection  from  predators  such  as  sharks,  particularly  of  concern  for  calves  (Baker, 
1985);  or  b)  warmer  waters  require  less  of  an  expenditure  of  metabolic  energy, 
particularly  important  during  a  period  of  fasting  (Brodie,  1975).  Hawaii  affords  large 
expanses  of  relatively  shallow  water  (less  than  100  fathoms)  and  thus  is  well  suited  for 
breeding  habitat. 

Humpback  whales  are  found  in  Hawaiian  waters  throughout  the  winter-spring  season  with 
peak  abundance  occurring  approximately  between  mid-February  and  mid-March  (Baker 
and  Herman,  1981;  Herman,  Forestell  and  Antinoja,  1980;  Forestell  and  Mobley,  1991). 
The  social  behavior  of  the  whales  while  on  the  wintering  grounds  is  presumably  related 
to  reproduction,  since  calves  are  bom  during  the  winter  season  and  gonadal  activity  in 
both  males  and  females  increases  in  the  winter  months  (Chittleborough,  1954,  1955; 
Nishiwaki,  1959).  It  appears  that  the  mating  system  is  polygynous  or  promiscuous 
(Mobley  and  Herman,  1985),  characterized  by  complex  acoustic  displays  (e.g.,  ’song’), 
and  vigorous  physical  competition  between  males.  Female  humpbacks  generally  give 
birth  to  a  single  calf  at  two-  to  four-year  intervals  (Baker,  Perry  and  Herman,  1987; 
Clapham  and  Mayo,  1988;  Glockner-Ferrari  and  Ferrari,  1984),  although  some  females 
may  give  birth  two  years  in  a  row.  The  calf  remains  with  its  mother  for  approximately 
one  year  (Chittleborough,  1954).  Current  rates  of  neonatal  mortality  are  unknown  but  of 
great  imponance  to  assessments  of  the  rate  of  recovery  of  the  species  (Perry,  Baker  and 
Herman,  1990).  Mother-calf  pairs  are  frequently  accompanied  by  a  third  whalc-an 
"escort"  (Herman  and  Antinoja,  1977).  The  escorts  appear  to  be  consorting  with  the 
mother  in  order  to  mate  with  her,  and  intense  aggression  between  escorts  and  "intruding" 
whales  has  been  observed  (Baker  and  Herman,  1984;  Mobley  and  Herman,  1985;  Tyack 
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and  Whitehead,  1983).  Although  not  all  females  ovulate  post-partum,  enough  may  do  so 
to  warrant  the  attention  of  males  (Herman  and  Tavolga,  1980;.Tyack,  1983).  Humpback 
whales  generally  are  difficult  to  sex  in  the  field,  however,  in  those  cases  where  gender 
identification  has  been  possible,  singers  and  escorts  have  proven  to  be  males 
(Glockner-Ferrari  and  Ferrari  1984;  Baker  and  Herman,  1984). 

Past  Abundance  Estimates 

Of  the  known  wintering  and  summering  areas  of  humpback  whales  in  the  north  Pacific, 
the  Hawaiian  Islands  are  considered  to  contain  the  largest  seasonally  resident  population. 
Earlier  shipboard  surveys  of  the  coastal  waters  of  the  Hawaiian  Islands  by  the  National 
Marine  Fisheries  Service  during  the  winter  seasons  of  1976-1979  (Rice,  1978;  Wolman, 
1978)  produced  estimates  of  between  550-790  (mean  estimate  650)  whales.  More 
recently,  mark  and  recapture  techniques  have  been  applied  to  analyses_  of_  fluke 
identitication  photographs  that  estimat^  1,407  whales  (95%^qnfidence  limits  1,113  and 
1,701)  is  having  visited  the  Hawaiian  Islands  during  a  four-year  p^od,  from  f980-1983 
(Baker  and  Herman,  1987;  NMFS,  1991).  Since  these  estimates  were  produced  using 
different  abundance  estimation  techniques,  they  are  not  directly  comparable  and,  therefore, 
cannot  be  relied  on  to  suggest  population  increase. 

Mobley  and  Bauer  (1991),  comparing  sighting  rates  of  pods  seen  in  the  winter  seasons 
of  1977-80  with  those  seen  in  1990  using  identical  methods,  found  significant  increases 
across  the  10-13  year  period.  The  authors  concluded  that  either  there  has  been  an 
increase  in  the  size  of  the  nonh  Pacific  population,  or  that  a  greater  proportion  of  the 
north  Pacific  population  is  wintering  in  Hawaiian  waters. 

Aerial  surveys  performed  during  the  1991  season  by  Forested  and  Mobley  (1991)  using 
modified  line  transect  methods  estimated  that  1,584  whales  were  present  in  coastal 
Hawaiian  waters  on  the  peak  date  for  that  season  (Feb.  22,  1991).  This  survey  series  was 
llmrted'primarily  to  waters  within  the  100-fathom  isobath,  however. 


Distribution  Trends 


Earlier  aerial  surveys  conducted  during  the  1977-80  winter  seasons  (Herman,  Forestall  and 
Antinoja,  1980;  Baker  and  Herman,  1981)  suggested  that  the  majority  of  humpback 
whales  were  found  in.  the  shallow  waters  (<  100  fathoms)  of  the  major  Hawaiian  islands. 
Non-systematic  surveys  were  conducted  in  deeper  waters  during  that  time  but  no  whales 
were  observed  beyond  100  fathqtnsJUniv.  of  Hawaii,  unpublished  data).  Analyses  of  pod 
loc^ations  in  the  Four  Island  and  Penguin  Bank  regions  revealed  that  wh^es  were  not 
distributed  homogeneously  throughout  the  100  fathom  isobath  but  were  generally  found" 
in  considerably  shallojigr-aater-(modiaLdeDth=27  fathoms)  (Forsyth.  Mobley  and  Bauer, 
1991).  . 
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The  earlier  surveys  (1977-80)  showed  wintering  humpback  whales  to  be  concentrated  in 
the  waters  of  the  Four  Island  Region  and  Penguin  Bank.  The  majority  of  pods  containing 
calves  were  also  found  in  these  areas.  A  comparison  with  the  1990  aerial  survey  results 
showed  that  these  regions  were  still  preferred  by  adults  and  calves,  but  revealed 
substantially  increased  sighting  rates  around  the  islands  of  Niihau  and  Kauai.  Arranged 
in  order  of  decreasing  sighting  rate  they  are  as  follows:  Penguin  Bank,  Four  Island 
Region,  Kauai/Niihau,  Big  Island  and  Oahu. 

Preferred  CowiCalf  Grounds 

During  the  1990  aerial  survey  series,  all  pods  sighted  were  orbited  to  determine  pod 
composition.  For  this  reason,  the  1990  results  provide  a  more  reliable  indication  of  the 
number  of  calves  present  in  recent  years,  as  well  as  the  regions  preferred  by  pods  with 
calves.  Of  the  361  whale  pods  observed  (where  pod  composition  could  be  confirmed), 
79  (22%)  contained  calves.  Sixty-eight  percent  of  all  calf  pods  observed  were  seen  in  the 
Four  Island  and  Penguin  Bank  regions.  Based  on  these  data,  Mobley  and  Bauer  (1991) 
described  these  regions  as  preferred  cow/calf  grounds,  probably  due  to  the  greater 
expanses  of  available  shallow  water. 

1993  Aerial  Surveys-Purpose 

The  1993  aerial  surveys  were  conducted  as  part  of  the  ATOC  Marine  Mammal  Research 
Program.  The  purpose  of  these  surveys  was  to  establish  baseline  parameters  of  abundance 
and  distribution  of  marine  mammals  in  Hawaiian  waters,  with  special  attention  to 
wintering  humpback  whales,  prior  to  commencement  of  the  ATOC  transmission  currently 
scheduled  for  March,  1994.  These  surveys  were  the  most  extensive  systematic  surveys 
of  marine  mammals  conducted  to  date  in  the  waters  surrounding  the  major  Hawaiian 
Islands. 


II.  METHOD 

Four  survey  flights  were  performed  in  waters  surrounding  the  major  Hawaiian  Islands 
between  Feb.  21  and  March  26,  spaced  approximately  one  week  apart  (see  Table  2 
below).  This  period  corresponds  with  peak  densities  of  whales  as  shown  in  past  surveys 
(Herman  ct  al.,  1980;  Baker  and  Herman,  1981;  Forestell,  1989;  Mobley  and  Bauer, 
1991).  The  surveys  covered  a  total  area  of  20,180  sq  nm  involving  a  total  of  81 15.5  nm 
of  survey  effort. 


TABLE  2 
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Summary  of  Flight  Dates  for  1993  Survey 

Survey  No. _ Dates _ 

1  Feb.  21,  22.  23,  24,  26 

2  Mar.  4,  5,  6,  8 

3  Mar.  15,  16 

4  Mar.  24,  25,  26 

Aircraft  and  Equipment 

Two  single-engine  Cessna  172s  were  equipped  with  Collins  ALT  50 A  radar  altimeters 
and  Morrow  Apollo  GPS  receivers  which  outputted  to  a  Compudyne  386  laptop  computer. 
The  computer  captured  the  data  using  software  developed  by  Enserch  Environmental 
Corp.  (EEC)  and  modified  by  Rich  Grotefendt  of  EEC.  This  system  automatically 
recorded  positional  data  at  30-sec  intervals  and  manually  recorded  whenever  a  sighting 
was  made.  Sighting  angles  to  target  pods  were  rhade  using  Suunto  (Model  PM-5) 
hand-held  clinometers  with  analog  display  calibrated  to  whole  degrees.  These  angles,  in 
combination  with  the  altitude  data,  allowed  for  the  estimation  of  perpendicular  distance 
from  the  sighting  to  the  transect  line.  Given  the  average  recorded  altitude  of  250.5  m 
(sd  =  35.66  m),  errors  of  +  one  degree  of  angle  yielded  theoretical  distance  estimation 
errors  of  from  5.04  m  at  the  minimum  sighting  angle  of  70  degrees,  to  762-1297  m  at  the 
maximum  effective  distance  of  2  nm  (sighting  angle  of  3.87  degrees  +  one  degree). 

Personnel 

Each  plane  was  staffed  by  three  survey  staff  including  two  observers  and  one  data 
recorder,  in  addition  to  the  pilot.  Specific  portions  of  the  survey  area  were  assigned  to 
each  of  two  teams.  Team  A  (Observers:  Joe  Mobley  and  Mari  Smultea,  Alternate:  Adam 
Frankel;  Data  recorder:  Tom  Norris)  covered  the  area  surrounding  islands  of  Oahu,  Kauai 
and  Niihau.  Team  B  (Observers:  Rob  Schick,  Paul  Forestell;  Data  recorder:  Eric  Brown) 
covered  the  Four  Island  region.  Penguin  Bank  and  the  island  of  Hawaii:(Big  Island).  All 
primary  staff  were  experienced  in  line  survey  methods  with  a  minimum  of  two  winter 
seasons  prior  survey  experience. 

Trackline  Design 

Survey  tracklines  were  designed  based  on  distance  sampling  theory  as  described  by 
Buckland  et  al.  (1993)  and  Burnham  et  al.  (1980).  The  survey  followed  north-south 
systematic  lines  spaced  14  nm  apart  in  channel  areas,  7  nm  apart  in  major  island  regions, 
and  3.5  nm  apart  in  the  zone  of  influence  (ZOI)  for  the  ATOC  source  (Figures  1  and  2). 
Random  startpoints  were  used  so  that  the  exact  trackline  configuration  of  each  of  the  four 
surveys  varied.  The  systematic  lines  projected  7nm  past  the  1000-fathom  isobath,  with 
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random  lines  connecting  endpoints.  Tracklines  were  generated  using  the  following  rules: 

1)  Fly  north-south  lines  3.5,  7.0  or  14  nm  apart  (depending  on  level  of  effort  required) 
starting  with  predesignated  randomly  chosen  startpoints; 

2)  Fly  to  shoreline  then  connect  to  next  systematic  line  by  flying  to  a  point  3-nm 
offshore  of  the  starting  point  of  that  line; 

3)  All  lines  must  be  no  closer  than  1.5  nm  to  shore  so  both  observers  have  equivalent 
strips; 

4)  Add  one  or  two  additional  north- south  lines  in  areas  of  known  higher  densities. 

Portions  of  the  survey  where  observers  were  off-effort  (when  overland  or  above 
designated  altitude)  were  designated  as  dead-head  lines  and  not  counted  in  the  results. 

Data  Protocol 

Sightings  were  made  by  two  observers,  one  on  each  side  of  the  plane,  and  called  verbally 
to  a  data  recorder  seated  next  to  the  pilot.  When  a  sighting  occurred,  observers  called  out 
data  in  the  following  order:  number  of  individuals,  calf  (if  present),  species,  angle  to 
sighting,  and  reaction  (i.e.,  whether  pod  members  appeared  to  react  to  plane).  These  data 
were  then  manually  noted  by  the  data  recorder.  At  the  start  of  each  leg  or  when 
conditions  changed,  the  observers  also  called  out  environmental  information,  including 
glare,  visibility,  and  Beaufort  seastate,  which  the  data  recorder  also  entered  (see 
APPENDK-'datasheet  showing  environmental  codes).  The  automated  data,  which 
indicated  real  time,  latitude  and  longitude  from  the  GPS  receiver,  and  altitude  (to  the 
nearest  foot)  from  the  radar  altimeter,  were  automatically  written  onto  the  hard  disk  of 
the  laptop  computer,  and  onto  a  3.5"  floppy  disk  as  back-up.  The  manually-written  data 
were  keypunched  into  an  ASCII  file  and  were  later  merged  with  the  computer- written  data 
using  software  designed  by  Rich  Grotefendt  of  Enserch  Environmental  Corp. 

Analysis 

Since  former  aerial  survey  results  indicated  heterogeneity  of  whale  densities  across 
regions  and  depths  (Baker  and  Herman,  1981;  Mobley  and  Bauer,  1991;  Forestell,  1989; 
Forestell  and  Mobley,  1991;  Forsyth,  Mobley  and  Bauer,  1991),  the  results  of  the  1993 
survey  were  stratefied  by  major  island  region  depth  with  strata  as  follows:  Island  Region 
Strata:  a)  Kauai/Niihau;  b)  Oahu;  c)  Penguin  Bank;  d)  Four  Island  Region  (Maui, 
Molokai,  Lanai,  Kahoolawc);  and  e)  Big  Island  (Island  of  Hawaii)  (Figure  3). 

Depth  Strata:  a)  less  than  100  fathoms;  b)  100-1000  fathoms;  c)  greater  than  1000 
fathoms 

In  addition  to  analysis  of  state-wide  data  (all  five  regions  combined),  the  data  from  the 
ATOC  zone  of  influence  (ZOI)  (see  Figure  10)  were  analyzed  separately.  Abundance 
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estimates  for  humpback  whales  were  generated  using  the  DISTANCE  program  (version 
2.03)  developed  by  Jeff  Laake  of  the  National  Marine  Mammal  Laboratory  in  Seattle. 

Due  to  visibility  limitations  of  the  plane,  only  sightings  to  a  maximum  of  70  degrees  from 
horizontal  were  possible.  This  created  a  blind  area  of  91.2  m  on  each  side  of  the  aircraft, 
which  was  not  included  in  the  computation  of  perpendicular  distance  data  over  all  survey 
effort 


m.  RESULTS  AND  DISCUSSION 

The  1993  survey  series  consisted  of  four  aerial  surveys  flown  throughout  the  major 
Hawaiian  Islands  during  February  and  March,  1993  (Figure  2).  A  total  of  7331.6  nautical, 
miles  _were  flown  across  all  flights.  Twenty  percent  of  survey  effort  (1500  nm)  was 
within  100  fathoms;  44%  of  effort  (3,200  nm)  was  between  100  and  1000  fathoms;  and 
36%  of  effort  (2,600  nm)  was  beyond  the  1000  fathom  contour. 

A.  ODONTOCETE  SPECIES 

A  total  of  eight  spg.cj.es. of  Odontocetes  were,  sighted  during,  the  1993  winter  season 
(Figure  4).  Of  the  total  of  58  sightings,  78%  were  positively  identified  by  genus,  and 
72%  by  species.  The  results  summarized  here  include  ail  Odontocete  sightings,  regardless 
of  distance  from  the  trackline  (i.e.,  no  truncations  of  perpendicular  distances  were 
applied).  In  decreasing  order  of  number  of  pods  sighted,  the  positively  identified  species 
“  included:  15  Stenella  sightings  (including  spinner  dolphins,  Stenella  longirosrris— 13 
sightings,  spotted  dolphins,  Stenella  attenuata—\  sighting,  and  1  unidentified  Stenella 
sighting),  shortfin  pilot  whales  (Globicephala  macrorhynchns--\2  sightings),  false  killer 
whales  (Pseudorca  crassidens—Z  sightings).  Pacific  bottlcnosed  dolphins  (7 ursiops  gilli-S 
sightings),  beaked  whales  {Ziphiid  spp.—3  sightings),  pygmy  sperm  whale  {Kogia 
breviceps-\  sighting),  and  sperm  whales  (Physeter  macrocephalus—\  sighting).  An 
additional  13  Odontocete  pods  were  sighted  where  positive  species  identification  was  not 
made.  Since  the  number  of  sightings  for  each  species  was  so  small,  abundance  estimation 
was  not  attempted. 
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TABLE  3 


Summary  of  Odontocete  Sightings  by  Species  and  Depth 


Mean 

No.  of  pods  sighted  by 

No. 

No. 

Pod 

Depth  Interval  (fathoms): 

Species 

Pods 

Anim.* 

Size 

<100 

100-1000 

>1000 

Stenella  longirostris 

13 

518 

39.8 

.  4 

9 

(Unid.  Odontocete  species) 

13 

56 

4.3 

4 

6 

3 

Globicephala  macrorhynchus 

12 

67 

13.9 

8 

4 

Pseudorca  crassidens 

8 

229 

28.6 

1 

7 

Tursiops  gilli 

5 

77 

15.4 

1 

3 

1 

(Unid.  Beaked  whale) 

2 

3 

1.5 

2 

Stenella  attenuata 

1 

5 

5.0 

1 

Physeter  macrocephalus 

1 

4 

4.0 

1 

Kogia  breviceps 

1 

4 

4.0 

1 

Ziphius  cavirostris 

1 

2 

2.0 

1 

(Unid.  Stenella  spp.) 

1 

2 

2.0 

1 

TOTALS: 

58 

1067 

11 

34 

13 

Percent  of  Total: 

19% 

59% 

22% 

*  Note:  Estimation  of  pod  size  was  less  accurate  for  larger  pods 
Distribution  Trends 

Table  3  shows  the  number  of  groups  observed  within  each  depth  interval.  The  15 
observations  of  Stenella  included  13  pods  of  spinner  dolphins,  one  of  spotted  dolphins  in 
water  less  than  100  fathoms,  and  one  unconfirmed  Stenella  species  in  water  deeper  than 
1000  fathoms.  Spinner  dolphins  have  been  intensively  studied  in  Hawaii  (Norris  et  al., 
1985)  and  these  observations  are  consistent  with  previously  reported  data.  In  general,  the 
average  pod  size  of  spinners  observed  between  the  100  fathom  and  1000  fathom  contours 
was  substantially  larger  than  that  observed  in  shallower  or  deeper  waters  by  a  factor  of 
two  or  more. 

Pilot  whales  {Globicephala  macrorhynchus)  were  observed  only  in  waters  deeper  than  100 
fathoms.  The  largest  group  sizes  for  this  species  were  found  outside  the  1000  fathom 
contour.  The  false  killer  whale  sightings  were  generally  of  animals  between  100  and 
1000  fathoms,  and  included  the  largest  group  size  of  Odontocetes  observed  during  the 
study.  The  five  groups  of  bottlenose  dolphins  {Tursiops  gilli)  that  we  observed  were 
widely  disttibuted,  and  showed  a  fairly  consistent  average  pod  size  between  10  and 
20animals  within  each  depth  interval.  We  saw  beaked  whales  (^Ziphiid  spp.)  on  three 
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occasions.  Group  size  was  one  or  two  in  each  case,  and  all  sightings  occurred  beyond 
the  1000  fathom  contour. 

One  sighting  of  four  pygmy  sperm  whales  {Kogia  breviceps)  occurred  in  waters  less  than 
1000  fathoms,  and  one  group  of  four  sperm  whales  (Physeter  macrocephalus)  was 
observed  in  waters  greater  than  1000  fathoms. 

Overall,  81%  of  the  Odontocete  pods  sighted  during  the  1993  aerial  surveys  were  found 
in  waters  deeper  than  100  fathoms  (Table  3).  The  modal  depth  interval  was  100-1000 
fathoms  where  59%  of  all  pods  were  sighted.  Thirty-six  percent  of  the  sightings  were  in 
the  vicinity  of  Kauai  and  Niihau  and  were  sighted  in  waters  surrounding  the  Big  Island 
(Figure  4).  Interestingly,  the  two  areas  favored  by  humpback  whales,  the  Four  Island 
(Maui,  Lanai,  Molokai  and  Kahoolawe)  and  Penguin  Bank  regions  (Figure  5),  showed  the 
lowest  incidence  of  Odontocete  sightings.  In  general,  it  appears  that  humpback  whales 
favor  areas  with  extensive  shallow  shelves,  while  Odontocetes  favor  slopes,  probably  due 
to  prey  availability.  The  Stenella  species,  in  particular,  showed  a  tendency  to  locate  along 
the  edge  of  the  100  fathom  isobath,  as  described  by  Shallenberger  (1981).  Zone  of 
Influence  (ZOI)  Sighdngs  Nine  Odontocete  sightings  occurred  within  the  40-km  zone  of 
influence  (ZOI).  which  corresponds  to  the  120-dB  isopleth  for  deep-diving  animals 
(Clark,  1993).  These  included  three  pods  of  shortfin  pilot  whales,  three  pods  of  Stenella 
spp.,  one  pod  of  sperm  whales,  one  pod  of  unidentified  beak  whales,  and  one  pod  of 
unidentifed  Odontocetes.  Among  these  species,  only  the  sperm  whales  are  presumed  to 
have  hearing  capabilities  sensitive  to  the  low-frequency  band  of  the  ATOC  transmission 
(Carder  and  Ridgway,  1990;  Clark,  .1993). 

B.  HUMPBACK  WHALES 

A  total  of  397  pods  (consisting  of  698  whales)  were  seen  across  the  four  surveys  (total 
effort  =  7331.6  nm)  with  an  average  pod  size  of  1.76  for  all  pods  seen  (Figure  5). 

Sightings  by  Depth 

Results  of  earlier  work  showed  humpback  whales  to  be  nearly  exclusively  found  within 
the  100-fathom  isobath  (Herman  and  Antinoja,  1977;  Herman  et  al.,  1980;  Baker  and 
Herman,  1981).  However,  very  little  systematic  effort  had  been  made  in  deeper  water  to 
test  this  assumption.  Table  4  shows  numbers  of  whale  pod  sightings  and  effort  by  depth 
(sec  also  Figure  6).  As  shown,  effort  was  primarily  in  deeper  water-80%  of  effort  was 
outside  of  the  100-fathom  limit  Despite  the  favoring  of  deeper  water  by  effort,  74%  of 
all  sightings  occurred  in  shallow  water  less  than  100  fathoms.  The  frequency  of  pod 
sightings  by  depth  depaned  significantly  from  expected  frequency  based  on  effort 
[chi-squarc(2)  =  742.97,  p  <  .0001].  The  majority  of  whales  can  be  said  to  prefer 
shallower  water,  but  the  remaining  26%  in  deeper  water  is  not  trivial.  This  fact  suggests 
that  the  earlier  surveys  which  primarily  surveyed  waters  less  than  100  fathoms  likely 
undercounted  the  wintering  population. 
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TABLE  4 

Total  Effort  and  Humpback  Whale  Sightings  by  Depth 


Depth  Interval  (fathoms)  TOTAL 

<  100  100-1000  >  1000 


Effort  (nm) 

1469.9 

3209.1 

2652.6 

7331.6 

Percent  of  Total  Effort: 

20% 

43.8% 

36.2% 

100% 

No.  Whale  Pods  Sighted: 

294 

94 

9 

397 

Percent  of  Total  Whale  Pods: 

74% 

24% 

2% 

100% 

Encounter  Rate  (pods/nm) 

.200 

.029 

.003 

.054 

Sightings  by  Region 

As  shown  in  Figure  7,  distribution  was  not  homogeneous  throughout  the  five  island 
regions.  Frequencies  of  pod  sightings  by  region  departed  significantly  from  expected 
frequencies  based  on  effort  (chi-squarc(4)  =  745.82,  p<.00011.  Penguin  Bank  showed  the 
highest  encounter  rate-approximately  three  times  more  than  that  of  the  next  ranked 
region,  the  Four  Island  Region.  This  difference  is  inflated,  however,  by  the  fact  that 
effort  on  the  Penguin  Bank  was  limited  to  waters  less  than  100  fathoms.  The  rank  order 
of  regions  from  highest  to  lowest  density  of  sightings  were:  Penguin  Bank,  Four  Island 
Region,  Kauai/Niihau,  Big  Island  and  Oahu.  This  is  the  same  progression  as  reported  by 
Mobley  .and  Bauer  (1991)  for  the  1990  season,  and  Forestell  and  Mobley  (1991)  for  the 
1991  season. 

Calf  Sightings 

A  total  of  36  calves  were  sighted  across  all  four  surveys,  which  comprises  only  five 
percent  of  the  total  of  698  whales  seen.  This  is  lower  than  the  typical  seven  to  eight 
percent  noted  in  previous  surveys  (Herman  and  Antinoja,  1977;  Herman  et  al.,  1980; 
Mobley  &  Bauer,  1991).  Calf  pods  were  likely  undercounted  during  the  1993  survey 
since  few  pods  were  orbited  to  confirm  composition,  unlike  previous  surveys.  As  shown 
in  Table  5  below,  the  majority  of  calf  pods  were  seen  in  the  Four  Island  and  Penguin 
Bank  regions,  similar  to  previous  reports  (Herman  and  Antinoja,  1977;  Herman  et  al., 
1980;  Forestell  and  Mobley,  1991;  Mobley  and  Bauer,  1991). 
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TABLE  5 

Calf  Pod  Sightings  by  Survey  and  Region-All  Sightings 

Region: 


Survey  No. 

Kauai/ 

Niihau 

Oahu 

Penguin  Four 
Bank  Island 

Big 

Island 

Total 

1 

3 

0 

0 

4 

3 

10 

2 

0 

0 

3 

5 

0 

8 

3 

1 

0 

0 

3 

1 

5 

4 

1 

1 

6 

5 

0 

13 

Totals; 

5 

1 

9 

17 

4 

36 

Reduction  of  Dataset  for  Abundance  Estimation 

Beaufon  seastate  and  visibility.  For  the  sake  of  abundance  estimation,  the  influence  of 
Beaufon  seastate  and  visibility  on  sightings  of  whale  pods  was  analyzed.  The  observed 
versus  expected  number  of  groups  was  significantly  different  overall  [chi-square(30)  = 
206.8,  p  <  .01].  The  departure  from  expected  frequency  was  greatest  beyond  a  Beaufort 
3  and  visibility  coded  as  "good”  or  better  (Figure  8).  Limiting  the  usable  sightings  to 
those  of  Beaufort  3  or  better  and  good  visibility  or  better  reduced  the  total  dataset  from 
397  to  311  (N=561)  usable  sightings  of  pods. 

Perpendicular  sighting  distance.  Figure  9  shows  peipendicular  distances  of  humpback 
whales  sighted  by  intervals  of  1,480  feet.  Since  there  was  no  clear  drop  in  sightability 
at  increasing  distance,  a  truncation  point  of  approximately  two  nautical  miles  was  chosen, 
such  that  only  5%  of  the  perpendicular  distances  remained.  Reducing  the  dataset  further 
to  only  those  sightings  within  2  nm  produced  a  total  of  292  pods  (N  =  495  whales). 
Table  6  shows  a  summary  of  parameters  for  this  final  dataset,  stratefied  by  depth. 
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TABLE  6 

Summary  of  Parameters  for  Abundance  Estimation  (Stratefied  by  Depth) 

“Truncated  Dataset  for  Conditions  Better  than  Good  Visibility  and  Beaufort 
3  Seastate  (N  =-292  pods) 


Depth  Interval  (fathoms) 


<  100 

100-1000 

>  1000 

Effort  (nm) 

897.3 

1516.9 

1371.2 

Area  (sq  nm) 

2214 

8783 

9183 

No.  Sightings 

224 

61 

7 

Encounter  Rate  (pods/nm) 

.250 

.040 

.005 

Average  Pod  Size, 

1.67 

1.80 

1.57 

Abundance  Estimation 

The  perpendicular  distance  data  (Figure  9)  were  analyzed  using  the  DISTANCE  (ver. 
2.03)  program,  developed  by  Jeff  Laake  of  National  Marine  Mammal  Laboratory.  Three 
models  were  applied  to  these  detection  probability  data  to  determine  the  best  fit,  including 
uniform,  half-normal,  and  hazard  rate  models.  The  best  fit  was' provided  by  the  hazard 
rate  model  as  shown  in  Figure  9. 

When  the  abundance  estimates  were  analyzed  separately  for  each  flight  a  range  of 
coefficients  of  variation  (CV)  were  produced  from  17.3  to  39.0%.  When  all  four  flights 
were  combined  the  CV  dropped  to  11.3%.  The  sum  of  the  Akaike  information  criteria 
for  the  four  surveys  was  less  than  the  combined  which  suggests  differences  across  surveys 
or  these  may  reflect  regional  differences  in  densities  and/or  observer  differences  (Note; 
Aikaike’s  Information  Criterion  (AIC)  provides  a  quantitative  method  for  model  selection. 
For  a  given  data  set,  AIC  is  computed  for  each  candidate  model  and  the  model  with  the 
lowest  AIC  is  selected-see  Buckland  et  al.,  1993). 

Table  7  shows  the  resulting  abundance  estimates  by  depth  as  well  as  for  all  depths 
combined.  The  overall  abundance  estimate  of  669  whales  was  based  on  a  depth  stratified 
line  transect  approach  using  the  hazard  rate  model  with  encounter  rate  and  density  by 
stratum,  detection  probability  for  all  data  combined,  and  pooled  estimate  of  density  from 
area-weighted  stratum.  As  shown  the  95%  log-based  confidence  interval  was  536-835 
whales. 
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This  estimate  should  be  interpreted  as  a  minimum  estimate,  in  that  it  represents  the 
number  of  animals  detectable  at  the  surface.  It  is  not,  therefore,  a  population  estimate. 

TABLE  7 

Summary  of  DISTANCE  Program  Output— Humpback  Whale  Abundance  Estimates 


Depth  Interval: 

<  100 
Fathoms 

100-1000 

Fathoms 

>  1000 
Fathoms 

Density 

.1709 

.0297 

.0033 

Abundance  Estimate 

378 

261 

30 

C.V.  of  Abundance 

11.7% 

30.4% 

60.1% 

95%  Confidence  Interval 

301-475 

175-387 

10-89 

All  Depths  Combined: 


F(0)  -  .818 

CV(FO)  -  5.21% 

Density  -  .0332 

Abundance -  669 

CV  of  Abundance -  11.3% 

95%  Confidence  Interval —  536-835 
Population  Estimation-Issues 

The  distance  sampling  theory  upon  which  DISTANCE  and  similar  programs  are  based, 
assume  the  g(0),  or  the  probability  of  detection  on  the  trackline  to  be  unity.  As  Buckland 
et  al.  (1993)  have  pointed  out,  this  assumption  is  not  true  for  cetaceans  since  they  are 
only  detectable  at  the  surface  for  relatively  brief  periods.  In  order  to  produce  a 
population  estimate,  one  must  know  the  probability  that  the  animals  in  question  will  be 
at  the  surface  at  any  given  time.  Different  approaches  to  this  problem  have  been 
proposed,  including  using  two  platforms  and  determining  the  proportion  of  overlapping 
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observations  (Calambokidis,  Evenson,  and  Cubbage,  1993)  or  using  respiration  data  to 
determine  mean  surface  time  (Barlow,  Oliver,  Jackson  and  Taylor,  1988;  Calambokidis, 
Evenson,  and  Cubbage,  1993).  Since  the  ATOC  Marine  Mammal  Research  Program 
includes  shorestation  observation  adjoining  the  ZOI,  the  possibility  of  deriving  a 
correction  factor  from  these  data  exists.  However,  the  sources  of  variance  in  respiration 
rates  (differences  across  regions,  pod  types  and  levels  of  disturbance)  must  be  considered 
before  a  single  correction  factor  can  be  applied.  We  hope  to  establish  a  reasonable 
parameter  for  detection  probability  in  the  near  future. 

Zone  of  Influence  Sightings 

The  120-dB  isopleth  for  surface-diving  animals  corresponds  to  an  area  of  25-km  radius 
around  the  ATOC  transmission  source  (Figure  10).  For  the  purposes  of  this  analysis,  this 
25-km  area  was  considered  the  zone  of  influence  (ZOI)  for  humpback  whales  (Clark, 
1993).  A  total  of  24  humpback  whale  pods  (N  =  46)  were  sighted  in  the  25-km  ZOI 
across  184  nm  of  effort  (all  four  surveys  combined).  When  observations  were  restricted 
to  those  sighted  in  conditions  of  Beaufort  3A^isibility  "Good"  or  better  for  purposes  of 
abundance  estimation,  the  number  of  sightings  reduced  to  15  pods  (N  =  32). 

Table  8  below  summarizes  the  DISTANCE  (ver.  2.03)  output  for  the  25-km  ZOI  using 
a  half-normal  model  for  best  fit,  as  compared  against  the  output  for  all  regions  combined 
using  the  hazard-rate  model  (using  only  sightings  of  good  visibility  and  Beaufon  3 
seastate  or  better  in  both  cases).  As  shown,  the  results  for  the  ZOI  produce  a  CV  of 
51.5%,  in  contrast  to  the  CV  of  11.3%  for  all  regions  combined. 

Potential  for  Exposure  to  ATOC  Transmission 

The  95%  log-based  confidence  interval  for  the  ZOI  is  from  15  to  106  pods.  Again,  this 
estimate  is  not  corrected  for  whales  which  were  underwater  at  time  of  survey.  By 
comparing  the  abundance  estimate  from  the  ZOI  against  that  for  ail  regions  combined,  we 
can  estimate  that  between  2.8  to  12.7%  of  all  pods  surveyed  were  in  the  ZOI.  This 
estimate  should  be  regarded  as  a  minimum  estimate,  however.  The  potential  for  greater 
exposure  exists,  since  photographic  identification  evidence  shows  movement  of  whales 
across  island  regions  within  a  given  winter  season  (e.g.,  Cerchio,  Gabriele  and  Frankel, 
1991).  Thus,  ifthc  ATOC  transmission  is  continuous  throughout  the  humpback  whale 
breeding  season,  assuming  normal  patterns  of  movement  through  the  island  chain,  a 
substantial  proportion  of  the  wintering  population  could  potentially  be  exposed. 
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TABLE  8 

Abundance  Estimates  for  25-km  Zone  of  Influence  (ZOI)  and  All  Regions 
Combined 


Confidence  Interval:  Effort 

Model  CV%  Lower  95%  N  Upper  95%  (NM) 


All  Regions: 


Density: 

Hazard 

11.3% 

.0266 

.0332 

.0414 

Abundance: 

Rate 

536 

669 

835 

3785 

25-km-2QI: 

Density: 

Half 

51.5% 

.0297 

.079 

.211 

Abundance: 

Percent: 

(ZOI/All) 

Normal 

15 

2.8% 

40 

6.0% 

106 

12.7% 

184 

IV.  SUMMARY 

1)  Odontocete  sightings.  Of  the  14  species  identified  by  Shallenberger  (1981)  as 
occurring  with  greater  than  "anomalous"  frequency,  eight  were  sighted  during  the 
1993  surveys.  Eighty-one  percent  were  seen  in  waters  greater  than  100  fathoms,  with 
a  modal  depth  interval  of  100-1000  fathoms  where  59%  were  seen. 

2)  Sightings  of  whales  by  depth.  Though  80%  of  effort  occurred  in  waters  deeper  than  100 
fathoms,  74%  of  all  humpback  whale  sightings  occurred  in  waters  less  than  100 
fathoms.  The  fact  that  26%  of  sightings  fell  outside  the  100  fathom  isobath  needs  to  be 
considered  when  designing  future  surveys. 

3)  Heterogeneity  in  distribiuion  across  regions.  Similar  to  findings  for  surveys  conducted 
during  the  1990  and  1991  seasons,  the  distribution  of  whales  throughout  the  island 
regions  showed  substantial  variation.  From  areas  of  highest  to  lowest  density:  Penguin 
Bank,  Four-Island  Region,  Kauai/Niihau,  Big  Island  and  Oahu. 

4)  Overall  humpback  whale  abundance.  With  all  data  combined,  a  hazard  rate  model 
produced  an  abundance  estimate  of  669  with  a  95%  log  based  confidence  interval  of  536 
to  835  with  a  CV  of  1 1.3%  This  should  be  regarded  as  a  minimum  estimate  since  it  is 
uncorrected  for  whales  not  observable  at  the  surface. 

5)  Zone  of  influence  (ZOI)  sightings.  Between  2.8  to  12.7%  of  the  whales  sighted  during 
the  1993  survey  were  located  in  the  25-km  zone  of  influence  (120-dB  isopleth  for 
surface-traveling  animals)  for  the  ATOC  transmission.  Considerably  more  whales, 
however,  could  be  exposed  given  the  inter-island  transiting  of  whales  which 
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VI.  FIGURE  CAPTIONS 

Figure  1.  Map  of  1993  study  area  showing  tracklines  from  all  four  surveys  combined 
based  on  GPS  data. 

Figure  2.  Tracklines  by  survey  based  on  GPS  data. 

Figure  3.  Tracklines  stratefied  by  major  regions;  1)  Kauai/Niihau;  2)  Oahu; 

3)  Penguin  Bank  (area  <100  fathoms  only);  4)  Four  Island  Region;  5)  Big 
Island  (Island  of  Hawaii). 

Figure  4.  Odontocete  sightings  based  on  GPS  locations-all  sightings. 

Figure  5.  Humpback  whale  sightings  based  on  GPS  locations— all  sightings. 

Figure  6.  Humpback  whale  pod  sightings  and  effort  by  depth. 

Figure  7.  Humpback  whale  encounter  rates  (ER)  and  effort  by  region. 

Figure  8.  Observed  vs  expected  frequencies  of  whale  sightings  by  Beaufon  seastate  and 
visibility  (dotted  lines  show  cut-off  values  of  data  used  for  abundance 
estimation). 

Figure  9.  Detection  probability  by  perpendicular  distance  to  sighting.  Fitted  curve  is 
based  on  hazard  rate  model. 

Figure  10.  Sightings  of  humpback  whales  in  25-km  Zone  of  Influence  (ZOI)— All 
sightings. 
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ATOC  Marins  Mammal  Rssearch  Program  (AIOC  MMRP) : 
Preliminary  Report;  1994  Aerial  Surveys  for  waters  North  of  Kauai 


Introduction 


Uiia  is  a  porelimlnary  r^xa±  of  results  of  marine  mammal  surveys  ocnducted 
during  the  second  year  (1994)  of  the  ATOC  Marine  Manmal  Research  Project 
(ATOC  MMRP) .  Durihg  the  1993  field  aeascn  (J^n-Apr,  1993) ,  we  surveyed 
waters  surrounding  all  of  the  major  Hawaiian  Islands  for  a  total  of  four 
survey  flights,  ihese  earlier  surveys  cccprised  a  total  of  7332  km  of 
effort.  Other  than  placing  tracklines  closer  together  in  the  25-km  ZOI 
(i.e. ,  estimated  120-dB  is^leth  for  hunpback  whales)  during  1993,  effort 
was  relatively  constanb  across  all  regicra.  Ferfarming  statewide  surveys 
in  this  fashion  permitted  estimation  of  the  proportion  of  the  wintering 
population  that  would  liJcely  be  es^josed  to  the  ATOC  souroa  during  a  given 
transmlsaicn.  It  also  allowed  us  to  assess  the  relative  importance  of  the 
ZOI  as  a  calving  ground  ccnpared  to  other  regions  (see  summary  of  results 
in  Mobley  et  al. ,  1993) ,  , 

Daring  1994,  effort  vas  to  the  40-km^£e£-wnieh-eQ££e^x»)O3^-to- 

the-eetaanated  120 -dD-ieepleth -fog  dewpnllvliij  spBCiaaMwlljli  yuuJ  IwW" 
-fgeqiaency:::h;^ing~(eiaadftp=^  .  Weekly  surveys  were  planned  during  the 
winter  field  season  (Jan  -  April) ,  Additionally,  monthly  surveys  were 
planned  beyond  the  winter  field  season,  covering  the  period  May  through 
August,  1994  (thou^  only  two  of  these  have  been  ocnpiletad  as  of  this 
date) .  All  sightings  of  marine  mammals  and  sea  turtles  were  reocsrded  and 
are  included  in  this  report. 


Method 

As  of  this  preHminary  report  date,  a  total  of  13  flights 
perfcna^,  including  eight  oocplete,  and  five  partiaj.  surveie  (see  Table 
1)  (Note;  A  survey  was  ocnsidered  "occplete"^  if  all  predeeignatad 
transects  were  conpleted  without  truncation  due  to  weather  oonditicns  or 
military  activity) .  Flights  during  the  primary  field  season  (Jan-April) 
were  sgatxd  an  average  of  8.5  days  apart  (SD  »  6.3)  with,  two  additional 
"post-season"  flights  on  May  11  and  JUly  4  (Note:  two  mere  post-season 
flights  are  currently  planned) .  Flights  were  truncated  or  canceled  when 
Beaufort  seastate  oonsistently  exceeded  Beaufort  4,  or  when  visibility  was 
less  than  2  miles. 

Tracklines  oensisted  of  systematic  north-south  lines  with  random 
lines  connecting  endpoints.  Systematic  lines  were  placed  using  random 
startpoints  either  7.5  rm  or  3.75  m  apart,  with  the  closer  lloWs 
occurrirvg  location  of  the  propped  ATOC  source  (Figure  1) . 

— 'toU^/dpg  ocnpletion  of  tbs'  Z03f*Burvey,  random  lines  were  oontlnwed  around 
the  remainder  of  the  island.  Tracklines  of  individual  flights  are 
j  depicted  In  Figures  3-15. 

A  twin-engine  Cessna  337  (Skymaater)  was  equipped  with  Collins  ADI 
50A  radar  altimeter  and  Marrow  Apollo  GPS  receiver  which  outputted  to  a 
cempudyne  386  laptop  cenputer.  The  oerputer  captured  data  using  software 
developed  by  ENSERCH  Environmental  Carp.  (EEC)  and  modified  by  Rich 
Grotefendt  of  EEC.  This  system  autonatically  recorded  positional  data  at 
30-sec  intervals  and  manually  recorded  whenever  a  sighting  occurred. 
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Table  1 

Flight  dates  and  effort 


Effort  Oon) 


Date 

Svatematic 

Rareion 

Deadhead 

Total 

Status 

1/14/94 

25 

104 

78 

207 

partial 

1/16/94 

410 

192 

18 

620 

oonplete 

1/26/94 

26 

na 

4 

148 

partial 

1/29/94 

441 

160 

112 

713 

ccnplete 

2/13/94 

369 

205 

101 

675 

ccoplete 

2/19/94 

370 

275 

225 

870 

oonpleta 

2/26/94 

413 

168 

178 

759 

coiplete 

3/04/94 

398 

201 

148 

747 

oc&pleta 

3/28/94 

295 

176 

32 

503 

partdal 

4/01/94 

372 

192 

150 

714 

ccnplete 

4/09/94 

391 

176 

149 

716 

ccnplete 

5/11/94 

270 

147 

270 

687 

partial 

7/04/94 

261 

193 

31 

485 

partial 

Total: 

4041 

2307 

1496 

7844 

Sighting  zingles  to  target  pods  vere  made  using  Suunto  (Model  Hi-5) 
hand-held  clinonstars  with  analog  dlfgalay  callhratsd  to  whole  degrees. 
These  angles,  in  ocinbination  with  the  eiltltuda  data,  zdlcMud  for  the 
estimation  of  perpendlcailar  distance  fican  the  sighting  to  the  transect 
line. 


Sightings  were  made  by  two  obeervers,  one  on  each  side  of  the  plane, 
and  called  verbally  to  a  data  recorder  seated  next  to  the  pilot.  When  a 
sighting  occurred,  dsservers  called  out  data  in  the  folloarlng  order: 
number  pf  individuals,  calf  (if  present),  species,  angle  to  the  sighting, 
and  reaction  (l.e. ,  whether  pod  members  appeared  to  react  to  the  plane) . 
These  data  were  tbm  annually  noted  by  the  data  recorder.  At  the  start  of 
each  leg  or  when  oondltiona  changed,  the  cbservers  adso  nailed  cut 
environmental  Information,  including  glare,  visibility,  and  Beaufort' ' 
seastate,  vhich  the  data  recnrdsr  also  entered.  The  automated  data,  which 
indicated  real  time,  latitude  and  longitude  from  the  GPS  receiver,  and 
altitude  (to  the  nearest  foot)  from  ihe  radar  altimeter,  were 
autcmatically  written  onto  the  hard  disk  of  the  laptop  octnputer,  and  onto 
a  3.5"  floppy  disk  as  badc-up.  The  manually-written  data  were  keypunched 
into  an  ASCU  file  and  were  later  merged  with  the  coiputer-written  data. 


Pesults 


L. 


A  total  of  6,348  km  effort  (systanatic  and  randan  tracklines  only)  was 
expended  across  the  13  flights  r^crted  here  (see  Figure'  1) .  Effort  was 
oonoentrated  in  the  middle  porticn  of  the  as  a  result  of  the  closer 
spacing  of  txadcUnes  in  that  region.  ^ 


A  total  of  eight  identified  species  were  sighted,  including  two 
baleen  vhales  and  six  odontooetes.  Figures  16-24  summarize  locations  of 
sightii^gs  for  each  of  the  positively  identified  ^»cies. 
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Baleen  vAiales 

The  baleen  vjhale  sightings  Included  hwnipbadc  whales  with  the 
exception  of  one  fin  whale  (sights  2/26/94) .  A  total  of  135  pods  of 
hunpbacK  whales  ware  si<^ted,  oot^isting  of  232  individuals.  As  shewn  in 
Figure  16,  the  Tiajority  of  hun^ibacJc  vAvale  sightings  occurred  within  or 
near  the  100-fathcan  contour.  BiIb  is  consistent  ^th  the  1993  results 
where  74%  of  all  himpbacJc  sightli^  occurred  in  waters  less  than  100 
fathesna. 

Iha  single  fin  vhala  sii^±ing  was  made  on  Feb.  26,  1994  (Figure  17) . 
Ihere  eire  only  several  fin  v£ala  aij^tinga  on  record  fer  Hawaiian  waters, 
we  will  be  sutmitting  a  description  of  this  sighting  as  a  note  to  ^ferine 
MamiBl  science. 

Odontocetsa 

Figure  30  shows  the  locations  of  all  Odontoceta  sightings.  In 
contrast  with  the  preference  of  hunpbacJc  whales  for  coastal  waters,  the 
itajority  of  Odorrtocste  sightings  occurred  in  waters  greater  than  100 
fathoras,  primarily  in  the  central  and  eastern  portiens  of  the  study  area. 

The  rank  order  of  sittings  (Table  2)  generally  agree  with  these  of 
the  1993  state-wide  survey  results  (Mobley  et  al.,  1994) ,  with  several 
notable  exc^itionB.  There  ware  no  si^stings  of  false  killer  whales 
rpseudorca  masgidena^  during  1994,  as  oanpared  with  8  sightings  made  in 
1993  for  waters  east  of  Oahu.  Also,  only  one  epena  v*iale  (aivseter 
loacarocebhalus^  si^iting  occurred  in  1993  (north  of  Kauai) ,  •  as  caipared 
with  5  sperm  whale  pods  sighted  in  the  study  area,  a^  one  pod  in  Kauai 
Channel  during  1994,  Finally,  there  were  nc<^6iHv§5sightiJgs  of  rou^- 
toothed  dolphins  fstano  bredanensis^  during  1993,  as  ccopared  with  four 
si^rtings  during  1994.  ■ 

Turtles 

Figure  27  shows  the  locations  of  the  fair  unidentified  turtle 
sightii^.  As  shown,  all  four  occurred  in  near-shore  waters,  less  than 
100  fathons. 

RPlnd^ng  Analyses 

We  are  still  working  cn  analyses  stratef  led  by  depth,  similar  to  vhat  wo 
did  for  the  1993  report.  Th^  will  include  three  depth  strata:  0-100, 
100-1000,  and  >  1000  fathons. 

Also,  we  will  be  performing  abundance  estimation  fear  hunpback  whales  only 
(since  the  number  of  pod  sittings  for  all  other  species-  were  less  than 
our  criterion  of  15  pais) ,  This  will  be  done  using  the  DISIANCE  program 
developed  by  Jeff  Laaka  of  the  National  Marine  Maonmal  Labora-tory  (Version 
2.03). 

These  results  will  be  included  as  part  of  our  1994  Yearly  Report  to  be 
sutmit-ted  by  December,  1994. 
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Table  2 

Sunroarv;  of  spocies  eloftted  rin  ordeg  of  decreagim  ervjQunter  rate) 

Sighting  ftegueiviy: 

Species  _  ■.  _ _  Pods  No. _ ER 

.0365 
.0299 
.0252 
.0126 
.0129 
.0055 
.0032 
.0002 

.0112 
.0039 
.0027 
.0017 
.0006 


*  Note:  These  include  one  pod  Qf  five  spena  v/hales  sic^rted  outside  of 
the  40-)Qn  in  the  Kauai  channel. 
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(some  checking  still  ongoing) 

Table  1.  Numbers  and  groups  of  all  species  sighted. 

Numbers  and  groups  of  all  species  sighted  by  day. 
Kilometers  of  effort  by  systematic,  random,  and  deadhead 
legtype,  and  totals. 

Encounter  rate  of  numbers  per  total  kilometers  surveyed. 
Thirty-three  maps  of  1994  Kauai  aerial  surveys  (one  of  93  &  94) 
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Map  33. 


All  tracklines  flown  1/14/94-7/4/94  drawn  as  lines. 

All  tracklines  flown  1/14/94-7/4/94  drawn  as  dots. 

Tracklines  from  1/14/94  flight. 

Tracklines  from  1/16/94  flight. 

Tracklines  from  1/26/94  flight. 

Tracklines  from  1/29/94  flight. 

Tracklines  from  2/13/94  flight. 

Tracklines  from  2/19/94  flight. 

Tracklines  from  2/26/94  flight. 

Tracklines  from  3/4/94  flight. 

Tracklines  from  3/28/94  flight. 

Tracklines  from  4/1/94  flight. 

Tracklines  from  4/9/94  flight. 

Tracklines  from  5/11/94  flight. 

Tracklines  from  7/4/94  flight. 

Humpbacks . 

Fins. 

Shortfin  pilot  whale.  " 

Sperm  whale. 

Spotted  dolphin. 

Rough  toothed  dolphin. 

Spinner  dolphin. 

Stenella  sp. . 

Bottlenose  dolphin. 

Unidentified  beaked  whale. 

Unidentified  dolphin. 

Unidentified  turtle. 

Unidentified  whale. 

All  baleen  (humpback  and  fin)  and  unidentified  whales. 
Shortfin  pilot,  sperm,  spotted,  bottlenose,  unidentified 
beak,  rough  toothed,  spinner, stenella  sp. ,  and 
unidentified  dolphin. 

All  dolphins  (spotted,  rough  toothed,  spinner,  stenella 
sp.,  bottlenose,  unidentified  dolphin) 

All  whales  and  dolphins  on  one  plot  with  tracks  as  dots. 
All  whales  and  dolphins  from  1993  and  1994  around  Kauai. 
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Results  of  Tracking,  Behavioral  Observations,  and  Scan  Sampling  from 
North  and  South  Shore  Stations,  Kauai  1993. 

Mari  A.  Smultea,  ENSERCH  Evironmental  Corporation,  10900  NE  8th  St.,  Bellevue,  WA 
98004 

Thomas  R.  Kieckhefer,  Pacific  Cetacean  Group,  9433  Holly  Hill  Drive,  Salinas,  CA 
93907 

Ann  E.  Bowles,  Hubbs-Sea  World  Research  Institute,  1700  South  Shores  Road,  San 
Diego,  CA  92126 

Ann  M.  Zoidis,  Allied  Whale,  105  Eden  Street,  Bar  Harbor,  ME  04609 

I.  Introduction 

During  1993,  the  shore-based  portion  of  the  study  consisted  of  (1)  focal  pod  samples  to 
determine  baseline  behavior  patterns  of  humpback  whales  before  ATOC  transmissions, 

(2)  scan  samples  to  assess  the  flow  of  whales  passing  by  the  shore  station  and  the 
numbers  of  other  disturbances  present,  principally  vessel  and  helicopter  traffic. 
Observations  were  conducted  primarily  from  two  stations  located  on  the  north  and  south 
shores  of  Kauai.  This  design  was  selected  to  provide  baseline  observations  from  the  area 
to  be  ensonifled  during  1994  off  the  north  shore  of  Kauai  and  from  an  area  in  the  acoustic 
shadow  of  Kauai. 

II.  Methods 

Study  area  and  observation  dates 

The  southern  observation  station  was  located  approximately  3.5  km  east  of  the  Port  Allen 
harbor  near  the  McBryde  Sugar  Mill  at  21'’53'20"  N  and  159‘’33'3 1"  W  on  a  rock  cliff  at  a 
height  of  42.2  m  (#12;  Figure  3-1).  This  was  judged  to  be  the  only  area  within  the 
acoustic  shadow  of  Kauai  sufficiently  high  and  close  to  the  water’s  edge  to  allow  detailed 
behavioral  observations  and  precise  theodolite  tracking  of  whales.  Locations  on  the  north 
shore  were  selected  based  on  proximity  to  the  proposed  ATOC  source  location,  cliff 
height,  and  range  of  view.  The  primary  observation  station  at  the  north  shore  was  located 
along  a  trail  approximately  1  km  west  of  the  Kalalau  trailhead  at  22°13’04"  N  and  159° 
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35'13"  W  on  a  rock  cliff  at  a  height  of  139.8  m  (#15;  Figure  3-1).  However,  three  other 
observation  stations  were  initially  used  at  the  north  shore  for  the  following  reasons;  (1) 
the  proposed  location  of  the  ATOC  source  changed  during  the  observation  season,  (2) 
two  observation  teams  briefly  operated  on  the  north  shore  due  to  initial  logistical 
constraints,  and  (3)  observations  had  to  be  made  at  several  locations  before  a  suitable  site 
was  selected.  The  second  site  was  located  in  Princeville  immediately  east  of  the 
Princeville  Makai  Golf  Course  at  the  end  of  Punahele  Road  (22°13'47"  N  and  159°29T3" 
W)  at  a  height  of  47.2  m  (#1 1;  Figure  3-1).  A  third  site  was  located  at  the  Kilauea  Point 
lighthouse  at  a  height  of  53  m  (#14;  Figure  3-1).  The  fourth  site  was  also  located  in 
Princeville  approximately  2  km  NNE  east  of  Hanalei  Bay  at  Pu'u  Po'a  near  Hanalei  Bay 
Villas  at  an  approximate  height  of  40  m  (#13;  Figure  3-1). 

Station  heights  were  determined  by  using  the  theodolite  to  take  vertical  readings  of 
targets  of  known  height  and  subsequently  applying  trigonometric  calculations.  Cliff 
heights  at  the  south  shore  station  and  the  north  shore  Kalalau  station  were  determined  by 
making  repeated  (>  30)  theodolite  readings  (from  the  station)  of  the  top  and  bottom  of  a 
vertically  leveled  stadia  rod  of  known  height  located  at  sea  level,  and  entering  the  mean 
reading  into  a  computer  program  which  calculated  station  height  ("Pole"  program 
compiled  by  A.  Frankel,  University  of  Hawaii,  Manoa,  1989).  The  height  of  the 
Princeville  Makai  station  at  the  north  shore  was  determined  by  taking  a  vertically  leveled 
theodolite  reading  of  a  stadia  rod  located  on  a  charted  landmark  (a  fire  hydrant)  of  known 
height  at  a  distance  of  <100  m  from  the  shore  station.  It  was  not  necessary  to  determine 
the  exact  heights  of  the  Kilauea  and  Pu'u  Poa  stations  because  the  theodolite  was  not  used 
from  there. 

Shore-based  observations  were  conducted  between  30  January  and  16  April  1993. 
Observation  dates  and  effort  are  presented  in  Table  3-1.  On  the  south  shore  station, 
observations  were  conducted  between  30  January  and  1 5  April  for  a  total  of  40  days. 
Observations  from  the  Kalalau  north  shore  station  occurred  on  34  days  between  15 
February  and  16  April.  Observations  at  the  Princeville  Makai  Golf  Course  site  occurred 
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on  1 1  days  between  4-18  February.  Two  and  one  observation  days  were  conducted  from 
the  Kilauea  Lighthouse  and  Pu'u  Po'a,  respectively,  during  February. 

The  study  arena  for  focal  behavior  observations  and  scans  was  a  circle  with  a  radius  of  4 
km  centered  on  the  observation  station.  However,  focal  pods  were  sometimes  tracked  up 
to  approximately  6  km  from  shore,  dependent  on  observation  conditions  (e.g.,  Beaufort 
wind  condition,  visibility,  swell),  particularly  at  the  Kalalau  Trail  site,  which  afforded  a 
greater  view  due  to  its  higher  elevation.  Non-focal  pods  and  vessels  were  tracked  up  to  8 
km  from  shore,  dependent  on  observation  conditions. 

Apparatus 

A  surveyors's  theodolite  (Lietz/Sokkisha  Model  DT5A,  10-second-precision,  30-power 
magnification)  was  used  to  track  pod  and  vessel  locations  as  described  by  Tyack  (1981) 
and  Wiirsig  et  al.  (1991).  The  theodolite  measured  horizontal  bearings  and  vertical  angles 
of  target  locations  in  degrees,  minutes,  and  .seconds.  Horizontal  bearings  were  referenced 
to  magnetic  north  with  a  relative  angle  set  consistently  on  a  charted  land  mark.  Vertical 
angles  were  referenced  to  the  gravity-based  leveling  device  on  the  theodolite.  Subsequent 
analysis  converted  these  angles  into  Cartesian  coordinates  for  calculation  of  speed  and 
direction  of  travel,  with  correction  for  curvature  of  the  earth  and  theodolite  height,  the 
latter  being  measured  each  day  from  a  set  ground-marker.  Since  the  fluctuation  in  tidal 
height  off  the  Hawaiian  coast  is  less  than  30  cm,  the  minimal  resultant  error  was  ignored 
(Bauer  1986).  Theodolite-measured  target  positions  (fixes)  were  taken  when  the  cross¬ 
hairs  within  the  scope  of  the  theodolite  were  positioned  at  the  waterline  of  the  target.  To 
control  for  error,  the  horizontal  and  vertical  reference  points  were  checked  approximately 
every  15-30  minutes  and  were  reset  if  out  of  vertical  balance  or  if  off  by  greater  than  one 
minute  of  horizontal  arc.  Theoretical  accuracy  of  theodolite  measurements  al  distances  of 
4  and  8  km  from  the  primary  land  stations  are  presented  in  Table  3-2,  as  is  the  potential 
error  associated  with  a  swell  height  of  2  m. 

Fujinon  (7  x  50)  or  Steiner  (15  x  80)  binoculars  equipped  with  reticles  and  a  built-in 
magnetic  compass  were  the  primary  binoculars  used  to  observe  whales.  Reticles  were 
used  to  gauge  distance  of  whales  from  the  land  station  based  on  a  formula  using  known 
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height  of  observation  platform  and  associated  distance  to  the  horizon  (Dalheim  et  al. 
1992).  Time-event  recorders  (laptop  field  computers),  which  automatically  assigned  a 
real-time  flag  to  each  computer  entry,  were  interfaced  with  the  theodolite  and  were  used 
to  record  behavioral  codes  and  theodolite  fixes.  Three  field  computers  were  used  during 
1993;  Toshiba  T-1000,  Tandy  TRS-102,  and  Tandy  TRS-80.  During  the  first  month  of 
observations,  two  field  computers  were  used  at  each  station:  one  to  record  theodolite  fixes 
and  the  second  to  record  behavioral  observations.  This  system  was  later  replaced  with  one 
computer  using  a  program  which  recorded  both  theodolite  fixes  and  behavioral  codes. 

Data  collection 

Land-based  observations  were  attempted  every  day,  dependent  on  weather  conditions. 

The  observation  crew  generally  consisted  of  three  to  four  people:  a  primary  behavioral 
observer,  a  theodolite  operator,  a  computer  operator,  and  a  note-taker.  When  only  three 
people  were  available,  the  computer  operator  also  served  as  the  note-taker.  Environmental 
conditions  were  noted  at  least  once  an  hour  on  the  hour,  or  sooner  if  conditions  changed. 
The  following  variables  were  recorded  based  on  their  occurrence  within  the  4-km  radius 
of  the  arena  (see  Appendix  A  for  definitions):  cloud  cover,  visibility,  Beaufort  number, 
swell  height,  swell  period,  and  glare.  Observations  were  conducted  primarily  during  a 
Beaufort  wind  condition  of  4  (windspeed  <  32  km/h,  fairly  frequent  whitecaps)  or  less  to 
permit  detailed  behavioral  observations.  However,  observations  were  occasionally 
continued  through  a  Beaufort  5  or  6  when  whales  could  be  tracked  readily,  e.g.,  when  ■ 
they  were  close  to  shore,  to  obtain- the  longest  focal  animal  samples  possible. 

Focal  behavior  sampling 

Focal  individual  and  focal  pod  sampling  was  used  to  record  humpback  whale  behavior.  In 
this  type  of  sampling,  all  behaviors  of  one  pod  were  recorded  for  as  long  as  possible 
(Altmann  1974).  Data  on  individuals  that  could  be  distinguished  reliably  were  recorded 
separately.  Two  or  more  animals  swimming  together  were  defined  to  be  in  the  same  pod 
if  they  were  within  5  body  lengths  of  each  other  and  exhibited  synchrony  in  behaviors 
such  as  respiration,  surfacing,  and  diving.  All  non-calf  whales  were  termed  “adults”, 
since  it  was  not  possible  to  differentiate  subadults  from  adults  consistently.  A  single 
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animal  was  also  referred  to  as  a  pod.  It  was  generally  not  possible  to  distinguish 
individual  animals  from  shore  with  the  exception  of  single  whales  and  calves.  The 
selection  of  the  focal  pod  was  not  random,  but  was  deliberately  biased  toward  small  pods, 
pods  containing  calves,  and  pods  close  to  the  shore  station.  This  facilitated  the  collection 
of  accurate  behavioral  data,  particularly  respiration  rate,  which  is  regarded  as  an 
important  index  of  disturbance  (e.g.,  Bauer  1986,  Baker  and  Herman  1989,  Richardson  et 
al.  1991).  Moreover,  small  pods,  especially  those  containing  a  calf,  have  been  found  to 
show  more  behavioral  responses  to  disturbance  than  do  larger  pods  (e.g.,  Bauer  1 986). 

Focal  behaviors  were  tracked  up  to  6  km  from  shore,  dependent  on  sighting  conditions. 
Focal  pod  behaviors,  including  behavioral  events  and  states  (Altmann  1974),  were 
classified  according  to  an  ethogram  (Appendix  A)  modified  from  that  of  the  Kewalo 
Basin  Marine  Mammal  Laboratory  (see  for  example  Bauer  1986)  and  studies  by  Wursig 
et  al.  (1984)  and  Kieckhefer  (1992).  Specific  behavioral  events  and  states  and  associated 
information,  were  dictated  by  the  primary  behavioral  observer  and  entered  into  the  lap¬ 
top  computer  by  the  computer  operator  as  1-3  alphanumeric  codes.  The  note-taker 
manually  recorded  any  comments  or  observations  (notes)  which  were  necessary  to 
describe  events  or  highlight  changes  to  be  applied  to  the  data  during  the  subsequent 
editing  phase. 

An  attempt  was  made  to  fix  focal  pods  with  the  theodolite  at  least  once  per' surfacing 
duration  (as  defihed  in  Figure  3-2),  or  whenever  a  change  in  heading  or  speed  occurred. 
The  minimum  time  period  between  fixes  was  45  seconds  to  minimize  the  possibility  of 
obtaining  spurious  calculations  of  speed  and/or  direction  as  a  result  of  increased 
theodolite  and  observer  error  (Bauer  1986).  Pods,  vessels,  and  aircraft  were  assigned 
chronological  identification  numbers,  each  with  its  own  numerical  identifier  (e.g.,  pod 
numbers  ranged  from  501-550,  while  vessel  numbers  ranged  from  901-950).  Whenever 
pod  composition  changed  as  a  result  of  an  affiliation  or  disaffiliation,  the  pod  was 
assigned  a  new  identification  number  and  was  treated  as  a  different  pod  with  respect  to 
behavioral  observations.  Selection  of  the  new  focal  pod  was  noted  manually  by  the  note- 
taker  and  entered  as  a  flag  (header)  into  the  computer. 
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Each  focal  pod  observation  was  assigned  a  rating  code  to  reflect  the  behavioral  observer's 
confidence  in  and  reliability  of  the  data  being  collected  (Appendix  A).  This  rating  code 
ranged  from  1  (excellent  respiration  and  behavioral  data)  to  5  (theodolite  tracking  only 
due  to  inability  to  reliably  discern  blows  and  behaviors).  As  a  focal  session  progressed, 
the  code  changed  to  reflect  changing  conditions.  The  focal  behavioral  session  was 
generally  terminated  when  the  focal  pod  left  the  study  arena  or  when  conditions  were 
such  that  behaviors  and/or  respirations  could  no  longer  be  observed  reliably.  However, 
theodolite  tracking  of  focal  pods  often  continued  beyond  the  end  of  the  behavioral 
observations. 

In  addition  to  whales,  vessels  were  tracked  by  theodolite  at  all  times,  whether  or  not 
whales  were  present,  to  establish  baseline  information  on  occurrence  of  whales  relative  to 
occurrence  of  vessels  and  to  describe  general  use  of  the  study  area  by  various  vessel 
types.  An  attempt  was  made  to  track  all  vessels  within  8  km  of  the  land  station  with  the 
theodolite,  depending  on  visibility  conditions,  especially  as  they  left  or  entered  the 
observation  arena.  In  addition,  the  following  vessel  descriptions  were  recorded:  estimated 
length,  type  (fishing,  dive,  whalewatch,  etc.),  engine  size/type  if  possible  (inboard  or 
outboard,  twin-engine,  etc.),  any  name  or  vessel  registration  number,  color,  and  general 
descriptions  that  helped  to  differentiate  vessels.  It  was  assumed  that  whales  >  4  km  from 
small  to  medium-sized  vessels  (<  20  m  long)  were  ‘undisturbed’  based  on  other  studies 
(Bauer  1986;  Baker  and  Herman  1989;  Richardson  e/  al.  1991).  In  addition,  large  vessels 
(>20  m  long)  were  tracked  up  to  10-15  km  from  shore  when  possible  because  their 
underwater  sounds  travel  farther.  Humpback  whales  appeared  to  react  to  cruise  ships  up 
to  8  km  away  in  other  studies  (Baker  and  Herman  1989). 

An  attempt  was  made  to  fix  each  vessel  a  minimum  of  three  times  as  it  passed  within  8 
km  of  the  land  station  if  it  made  no  chtinges  in  direction  or  speed;  stationary  vessels  were 
also  fixed.  Fixes  were  also  attempted  whenever  a  vessel  changed  orientation  or  speed, 
with  priority  given  to  those  vessels  nearest  to  the  focal  pod,  particularly  when  within  1 
km  of  the  pod.  In  the  latter  case,  fixes  were  attempted  on  the  vessel  each  time  the  focal 
pod  was  fixed.  In  addition,  vessel  behaviors  (e.g.,  changes  in  speed  or  orientation)  were 


recorded  and  encoded  on  the  computer  for  those  vessels  closest  to  the  focal  pod 
(generally  <  1  km)  and  on  any  other  vessels  when  feasible,  again  with  priority  given  to 
those  closest  to  the  focal  pod.  The  estimated  closest  point  of  approach  (CPA)  was  also 
noted  for  any  vessel  approaching  within  I  km  of  the  focal  pod,  and  both  pods  and  vessels 
were  fixed  with  the  theodolite  at. this  time  when  possible. 

Scan  Sampling 

Scan  sampling  (Altmann  1974,  Bauer  1986,  Smultea  1991)  was  used  to  document 
sighting  rates  of  whales.  A  position  was  obtained  for  every  pod  occurring  within  a  pre¬ 
determined  distance  during  a  15-minute  period.  Scans  were  designed  specifically  to 
determine  relative  sighting  frequency  of  whales,  pods  and  vessels  within  a  defined  arena 
(within  4  km  of  the  shore  station  for  whales  and  within  6.5  km  for  vessels  [after  Bauer 
1986]),  time  of  season,  time  of  day,  Beaufort  number,  pod  behavioral  state  and  pod 
orientation. 

Scan  samples  were  interspersed  between  behavioral  observation  sessions;  thus,  they  did 
not  begin  precisely  at  the  same  time  each  day.  Scans  were  conducted  once  during  each  of 
the  following  1-hr  block  periods:  0800-0900, 1000-1100, 1200-1300, 1400-1500,  1600- 
1700.  Scans  were  spaced  at  least  one  hour  apart  to  minimize  recounting  the  same 
individuals.  Studies  suggest  that  humpbacks  are  transient  in  Hawaii,  predominantly 
traveling  in  apparent  local  migratory  movement  at  a  mean  speed  of  4  km/hr  (Herman  and 
Antinoja  1977,  Baker  and  Herman  1981,  Darling  et  al.  1983,  Bauer  1986).  Thus,  scans 
were  conducted  at  intervals  assumed  to  be  sufficient  for  most  whales  to  move  out  of  the 
scan  arena. 

Scans  were  conducted  by  the  theodolite  operator  and  the  primary  observer  to  maintain 
consistent  effort.  The  primary  observer  scanned  the  arena  (4-km  radius)  primarily  with 
binoculars  while  the  theodolite  operator  scanned  primarily  with  the  naked  eye  for  a  total 
of  15  minutes.  A  computer  operator/notetakcr(s)  recorded  data,  but  did  not  participate  in 
scanning  for  pods.  The  following  information  was  recorded  for  each  pod  sighted  within 
the  arena,  based  on  theodolite  and  reticle  (binocular)  distance  conversions  made  in  the 
field:  time  of  initial  sighting,  one  theodolite  fix  (if  this  was  not  obtained,  then  the 
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binocular  reticle  and  bearing  were  recorded),  pod  size  and  composition,  orientation,  and 
behavioral  state.  An  attempt  was  made  to  track  pods  until  observers  were  confident  of 
composition,  although  this  was  not  always  possible.  When  necessary,  a  10-minute  period 
after  completion  of  the  scan  was  used  to  verify  pod  composition.  In  addition,  one  position 
fix  and  a  physical  description  of  each  vessel  within  6.5  km  of  the  shore  station  (Bauer 
1986)  were  recorded  prior  to  commencement  of  each  scan.  New  vessels  that  entered  the 
6.5-km  radius  of  the  vessel  arena  during  scans  were  also  noted,  and  were  fixed  after  the 
scan  was  complete.  Initially,  scans  were  conducted  by  three  to  five  observers  to  maximize 
search  effort;  however,  due  to  variability  in  the  number  of  observers  available  each  day, 
the  protocol  was  modified  after  February  16  to  limit  scaiming  effort  to  two  people  (as 
described  above)  to  standardize  rather  than  maximize  search  efforts. 

Non-focal  pods  were  tracked  opportunistically  during  focal  pod  sampling  up  to  8  km 
from  the  shore  station,  although  detailed  behavioral  observations  were  not  collected.  The 
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information  gathered  on  non-focal  pods  was  (1)  location,  (2)  speed  and  orientation,  and 
(3)  general  behavioral  state.  The  theodolite  operator  attempted  to  fix  non-focal  pods  once 
per  surfacing  duration,  or  at  least  when  an  obvious  change  in  speed  or  direction  occurred. 
Effort  concentrated  on  monitoring  pods  as  closely  as  possible  to  avoid  mistaking  them  for 
nearby  pods.  However,  this  was  not  always  possible  during  periods  when  many  pods 
were  in  the  arena,  particularly  when  whales  were  affiliating  and  disaffiliating.  Only  those 
pods  that  could  be  tracked  reliably  were  given  pod  numbers  and  notes  were  taken  to 
indicate  potential  repeat  sightings. 

In  addition  to  humpback  whales,  sightings  of  all  other  marine  mammals  and  sea  turtles 
were  recorded.  Fixes  of  all  marine  mammal  pods  were  taken  with  the  theodolite  at  least 
once. 

Data  analysis 

Calculations-.  The  following  parameters  were  calculated  to  describe  the  tracks  of  whales 
(Malme  et  al.  1983):  net  speed,  cumulative  speed,  milling  (linearity)  index,  and  net 
orientation  (course  bearing).  Net  speed  was  calculated  by  dividing  the  distance  between 
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the  first  and  last  point  of  a  track  or  track  interval  (Xj,  yi  to  Xn,  yj  by  the  time  difference 
between  the  two  points  (t,,  t„) 

Net  Speed  =  -  xi)^  +{y--  !  t.-tx 

Cumulative  Speed  was  calculated  by  accumulating  the  total  length  of  the  path  taken  by 
the  track  from  beginning  to  end  and  dividing  this  length  by  the  difference  in  times  t^  and 
ti- 

N  _ 

Cumulative  Speed  =  V  .  i  -  -  y,)^  I  t.-t> 

1 

Linearity  index  is  a  measure  of  the  directness  of  the  route  taken  by  the  whale  from  point 
(X,,  y,)  to  (Xn,  yj. 

Linearity  index  =  Net  Speed/Cumulative  Speed 

The  linearity  index  is  I  if  the  net  speed  and  cumulative  speed  are  equal,  that  is,  if  the 
whale  traveled  in  a  straight  line.  The  index  approaches  zero  when  a  whale  mills. 

Net  orientation  denotes  the  bearing  in  degrees  of  a  pod's  overall  track  based  on  the  angle 
between  the  first  and  the  last  positions  of  a  pod.  The  angle  is  relative  to  an  x-y  coordinate 
system,  with  0”  corresponding  to  true  north  and  the  positive  y-axis  and  090° 
corresponding  to  the  positive  x-axis. 

Net  orientation  =  arctan  [(Xn  -  Xi),(Y„-Y 

If  the  resultant  angle  is  negative,  then  it  is  converted  to  a  positive  angle  by  adding  360 
degrees  (e.g.,  -090°+  360°=  270°;  formula  developed  by  A.  Frankel,  University  of 
Hawaii,  Manoa). 

Data  Reduction:  Initially,  data  were  plotted  and  checked  for  normality.  Detailed 
behavioral  observations  and  theodolite  position  fixes  of  focal  pods  were  used  to  calculate 
respiratory  parameters  (after  Kieckhefer  1992;  Figure  3-2), and  speed  and  direction  of 
travel.  These  dependent  measures  were  compared  using  the  following  independent 
variables;  (1)  pod  size  and  composition,  (2)  behavioral  state,  and  (3)  observation  station. 
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Six  respiratory  parameters  were  calculated  from  the  raw  data  on  surfacings,  blows,  and 
dives;  blow  interval,  surfacing  duration,  number  of  blows  per  surfacing  duration,  dive 
duration,  blow  rate  during  surfacing,  and  blow  rate  (Wiirsig  et  al.  1984;  Dolphin  1987; 
Figure  3-2).  Surfacing  duration  included  the  time  whales  were  visible  near  the  surface 
and  all  the  surfacings  with  blow  intervals  of  less  than  60  s.  A  dive  was  defined  as  any 
blow  interval  greater  than  60  s.  The  break-point  at  60  s  was  chosen  after  examining  the 
frequency  distribution  of  pooled  blow  intervals  for  all  age  and  sex  classes  of  whales, 
which  showed  a  distinct  break-point  in  the  range  from  45-60  s.  Posturing  of  the  tail  stock 
(arched  peduncle  or  raised  flukes)  was  not  used  as  an  indication  of  a  dive  due  to  its 
unreliable  significance,  especially  with  groups  of  3  whales  or  more,  and  inconsistent 
sighting  conditions  from  shore-based  stations. 

For  focal  pods  with  more  than  one  whale,  blow  intervals  could  not  be  determined  from 
the  shore.  The  average  number  of  blows  per  surfacing  was  calculated  as  the  total  number 
of  blows  divided  by  group  size.  Surface  duration  was  terminated  by  a  submergence  with  a 
blow  interval  exceeding  60  s.  The  first  exhalation  after  this  submergence  (dive)  marked 
the  beginning  of  a  new  surface  duration,  thus  starting  the  surface-dive  cycle  over  again. 
Surface  and  surface-dive  blow  rates  were  calculated  as  the  number  of  blows  divided  by 
surface  duration  and  the  number  of  blows  divided  by  the  sum  of  the  surface  duration  and 
the  succeeding  dive  duration,  respectively. 

Analysis:  At  the  time  of  this  report,  results  are  limited  to  summary  statistics  and 
preliminary  comparative  statistics.  Non-parametric  tests  used  in  the  analysis  included  the 
Maiui- Whitney  U,  the  Kruskal- Wallis  ANOVA  by  ranks,  and  the  goodness-of-fit  test. 

Parametric  tests  consisted  of  univariate  and  multivariate  analysis  of  variance  (ANOVA 
and  MANOVA).  The  heterogeneity  test  was  used  to  determine  whether  net  orientation 
in  degrees  magnetic  was  randomly  distributed,  after  breaking  the  data  into  45-degree 
intervals  (Zar  1984). 

Because  parameters  from  successive  surfacings  were  not  independent  data  points,  the 
"standard"  approach  that  treats  each  blow  interval,  dive  duration,  etc.  as  an  independent 
point  (e.g..  Dolphin  1987;  Guerrero  1989;  Harvey  and  Mate  1984;  Wiirsig  et  al.  1984, 
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1986)  was  not  used  here.  To  obtain  observations  independent  of  the  mean,  the  mean  for 
each  individual  pod  was  calculated  and  input  as  the  dependent  variable  for  further 
analysis  (Zar  1984;  Hoeskstra  and  Jansen  1986,  Kieckhefer  1992).  Nonparametric 
statistics  were  used  on  all  respiration  variables  analyzed  due  to  their  skewed  distributions. 
Significance  of  differences  between  the  north  and  south  shore  stations  in  mean  blow 
interval,  number  of  blows  per  surface  duration,  surface  duration,  dive  duration,  surface 
blow  rate,  and  surface-dive  blow  rate  were  tested  using  the  Mann- Whitney  U.  All  tests 
used  p  <  0.05  as  the  criterion  for  significance. 

All  respiration  analyses  were  conducted  on  pods  consisting  of  one  adult  (singletons)  and 
two  adults  (pairs),  due  to  their  relatively  adequate  sample  size  compared  to  the  other 
group  sizes  (i.e.,  >  2  adults  and  pods  with  calves).  Means  of  respiration  variables  were 
calculated  for  each  behavior  category  except  for  rest,  which  was  never  observed  for 
singletons  or  paired  groups. 

Analyses  of  net  speed,  cumulative  speed,  linearity  index,  and  net  orientation  were  limited 
to  focal  and  non-focal  pod  tracks  meeting  the  following  conditions:  (1)  a  minimum  of 
three  theodolite  fixes  in  one  or  more  surfacings,  separated  by  at  least  45  seconds;  (2) 
swell  height  S  2  m;  and  (3)  occurrence  within  8  km  of  the  shore  station. 

For  scan  data,  the  dependent  variable  was  the  number  of  whales  (or  pods)  sighted  per 
hour.  This  number  was  obtained  by  multiplying  the  number  of  sightings  per  15-minute 
scan  by  four.  The  resultant  hourly  sighting  rate  facilitated  comparisons  with  other  studies. 
The  independent  variables  included  pod  size  and  composition,  Beaufort  number,  fortnight 
of  the  year  (the  study  period  was  broken  into  two-week  periods  based  on  the  Julian 
calendar),  time  of  the  day,  and  shore  station.  Basic  summary  statistics  were  calculated  for 
vessel  and  aircraft  sighting  rates  during  scans. 

Hypothesis  Testing:  Forms  of  analysis  of  variance,  repeated  measures  analysis  of 
variance,  and  multiple  regression  analysis  are  proposed  to  compare  behavior  of  known 
whale  pods  tracked  during  and  between  exposure  to  ATOC  transmissions  and  other 
disturbances  (vessel  approaches,  aircraft  overflights,  encounters  with  other  pods).  These 
analyses  have  not  as  yet  been  conducted,  pending  the  development  of  software  and  the 
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resolution  of  several  important  statistical  issues,  specifically  (1)  the  degree  of  dependence 
among  successive  respiratory  parameters  (e.g.,  successive  blow  intervals;  see  pp.  33);  (2) 
the  desirability  of  using  the  means  of  variables  for  each  pod  in  the  analysis;  (3)  methods 
for  calculating  variances  in  cases  where  means  are  used  in  the  analysis;  (4)  the  effect  of 
pooling  data  from  a  number  of  pods  and  behavior  states  on  the  analysis;  and  (5)  the 
possibility  of  transforming  variables  so  that  parametric  statistical  tests  can  be  used. 

These  problems  are  discussed  in  more  detail  in  Chapter  4. 

The  dependent  measures  entered  into  further  analysis  will  consist  of  the  following;  (1) 
respiration  parameters  (6  variables),  (2)  cumulative  swim  speed,  (3)  index  of  linearity  and 
rate  of  reorientation,  and  (4)  scan  sighting  rate.  The  independent  variables  will  consist  of 
(1)  transmission  period  (on  versus  off  or  pre-,  during,  and  post-transmissions),  (2)  pod 
size/composition,  (3)  other  potential  disturbance  (vessel  or  aircraft  presence/absence  and 
related  measures  (e.g.,  CPA,  vessel-whale  distance  separation  categories,  time-related 
exposure  categories),  (4)  presence/absence  of  other  pods  within  a  set  distance,  and  (5) 
behavioral  state. 

III.  Results 

A  summary  of  effort,  including  the  total  number  of  effort  hours,  focal  pods,  and  scan 
sightings  are  presented  in  Tables  3-1  and  3-3.  Figures  3-3  to  3-5  show  the  tracks  of 
whales  passing  the  stations  at  the  McBryde  Mill,  Kalalau  Trail  and  Princeville  Makai  golf 
course.  A  total  of  346  h  were  spent  at  all  shore  stations,  139  h  at  the  south  shore  station 
and  1 19  h  on  the  Kalalau  Trail.  Approximately  one-third  of  all  available  effort  days  were 
"weather"  days  when  observations  could  not  be  conducted  due  to  rain  or  high  wind 
conditions.  Such  days  occurred  more  frequently  in  March  and  April  than  in  February. 
Study  results  are  presented  separately  for  focal  whale/pod  observations  and  scan  samples. 

Focal  behavior  sampling 

A  total  of  185  focal  pods  were  followed  (Table  3-1),  with  twice  as  many  samples 
collected  from  the  north  (n  =  125)  as  the  south  shore  (n  =  60).  The  larger  sample  of  focal 
pods  from  the  north  shore  was  attributed  to  initial  logistical  constraints.  In  addition,  there 


were  more  pods  in  the  northern  arena  than  the  southern  at  any  given  time  based  on  the 
results  of  scan  sampling  (Table  3-3).  However,  the  mean  length  of  a  focal  session  was 
slightly  longer  at  the  south  shore  (mean  =  42.6  min)  than  the  north  shore  (mean  =  33.5 
min).  This  difference  was  attributed  to  a  higher  rate  of  affiliations  and  disaffiliations  at 
the  north  shore.  Because  a  focal  session  ended  and  a  new  one  began  when  pod 
composition  changed,  more  affiliations/disaffiliations  resulted  in  a  greater  number  of 
focal  sessions.  Most  (41%)  of  the  focal  samples  at  the  north  shore  stations  consisted  of 
groups  of  2  adults,  followed  by  1  adult  (37%),  >  2  adults  (18%),  and  pods  with  a  calf 
(4%;  Table  3-1).  The  relative  proportions  at  the  south  shore  were  similar  except  for 
groups  of  2  (35%)  and  1  (44%)  adult(s). 

Effort  at  the  north  shore  was  divided  among  four  stations.  However,  the  majority  (64%) 
of  the  focal  sessions  occurred  at  the  westernmost  Kalalau  station  (site  1 5),  where  all  north 
shore  effort  occurred  after  February  18.  For  consistency’s  sake,  some  comparisons 
between  the  north  and  south  shores  considered  only  the  south  shore  data  from  the  last  two 
weeks  in  February  through  the  end  of  the  study  period  (4/15). 

Among  focal  pods,  74%  fit  the  definition  of  "undisturbed"  (no  vessels  <  4  km  from  the 
pod  at  any  time;  Table  3-1)  at  the  north  shore,  compared  with  29%  at  the  south  shore. 
Only  the  undisturbed  data  were  used  in  comparisons  of  normal  behavior  between  the 
north  and  the  south. 

A  behavioral  "time  budget"  was  determined  by  calculating  the  percent  of  total 
observation  time  that  focal  pods  engaged  in  5  behavioral  states  (Figures  3-6  to  3-10). 
When  all  pod  types  were  combined  (n  =  1 1 1  h),  results  indicated  that  pods  spent  most  of 
the  time  traveling  on  both  the  nonh  and  south  shores  (54%;  Table  3-4).  However,  surface 
activity  was  observed  more  frequently  from  the  northern  shore  stations  (20%)  than  the 
southern  (13%).  Resting  (3%)  was  observed  only  from  the  southern  station  and  only 
among  pods  with  a  calf.  Stationary  behavior  was  twice  as  common  on  the  south  (28%)  vs. 
the  north  shore  (12%).  There  were  also  differences  among  pod  types.  Pairs  predominantly 
traveled  (66%  and  80%  at  the  north  and  south  shores,  respectively),  while  groups  of  >  2 
adults  exhibited  the  most  surface  activity  (47%  and  51%,  respectively).  Activity  of 
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various  pod  types  also  varied  between  the  north  and  south  shores.  Calf  pods  in  the  south 
(n  =  8)  spent  the  majority  of  observation  time  stationary  (56%)  compared  to  9%  in  the 
north  (n  =  17),  where  calf  pods  predominantly  traveled  (61%).  Pairs  milled  23%  of  the 
time  at  the  north  (n  =  56)  compared  to  0%  at  the  south  shore  station  (n  =  22). 

Proportions  of  time  spent  in  each  behavior  state  differed  among  sites  on  the  north  side  of 
the  island  as  well  as  between  north  and  south  (Figure  3-6  and  3-7  versus  Figure  3-8  and 
3-9).  At  the  Princeville  Makai  site  (1 1),  adults  were  stationary  as  often  (28%  vs.  28%)  as 
at  the  south  shore  site  and  surface  active  as  little  (14%  vs.  13%).  The  similarity  must  be 
interpreted  cautiously  because  the  Princeville  Makai  site  was  active  only  during  the  first 
fortnight  in  February.  However,  pods  seen  off  Princeville  Makai  were  stationary  more 
often  (28%  vs.  4%)  and  surface-active  less  often  (14%  vs.  28%)  than  at  the  Kalalau  Trail 
site.  Surface  active  behaviors  on  the  south  shore  were  lower  in  the  period  when  the 
Kalalau  site  was  active  (2/15  -  4/14)  vs.  the  period  before  (7%  vs.  13%;  Figure  3-8  vs.  3- 
10;  Table  3-4).  All  other  states  were  equally  common  in  the  two  periods  at  the  south 
shore. 

Rates  of  aerial  activities  for  pods  without  a  calf  generally  increased  with  Beaufort  wind 
condition  (Figure  3-11),  with  the  exception  of  a  drop  under  Beaufort  4  conditions,  at  both 
the  north  and  south  shore  stations  (Figures  3-12  and  3-13).  The  reasons  for  the  drop  under 
Beaufort  4  conditions  are  not  clear,  but  some  bias  in  effort  is  possible  —  the  sample  of 
observations  under  Beaufort  4  and  5  conditions  was  small  and  aerial  behaviors  tended  to 
occur  in  lengthy  bouts.  Aerial  behaviors  were  observed  less  frequently  from  the  southern 
versus  northern  sites  (Figures  3-12  and  3-13;  13.6  h  [20%]  in  the  north  vs.  2.5  h  [7%]  in 
the  south). 

Respiratory.  Bchttvior 

Analyses  of  respiration  parameters  were  limited  to  undisturbed  singletons  (n  =  51)  and 
pairs  (n  =  78).  Tables  3-5  and  3-6  give  the  summary  statistics  for  singletons  and  pairs, 
respectively.  For  the  most  part,  there  was  no  significant  difference  in  the  respiration 
parameters  of  singletons  or  pairs  at  the  north  versus  the  south  shores  based  on  a 
comparison  of  the  means  for  each  pod.  The  only  significant  difference  between  north  and 
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south  shore  respiration  variables  was  in  mean  surface  blow  rate  and  surface-dive  blow 
rate  for  singletons  when  whales  were  engaged  in  surface  active  behavior  (Z=2.17  and 
Z=2.54;  P  <  0.05;  respectively).  The  samples  were  small  and  the  data  were  tested 
multiply,  so  these  differences  could  have  been  the  result  of  artifact.  Figures  3-14  and  3-15 
show  the  results  of  the  comparison  graphically,  using  the  raw  dive  durations,  surface 
durations,  and  number  of  blows  per  surfacing  duration. 

Respiration  parameters  appeared  to  vary  with  behavioral  state,  mot  imexpectedly;  (1) 
dives  were  longest  while  pods  were  stationary,  (2)  number  of  blows  per  surfacing 
duration  was  lowest  during  travel,  and  (3)  pods  tended  to  remain  at  the  surface  longest 
while  surface  active.  These  parameters  were  most  variable  in  the  data  from  the  north 
shore  in  the  stationary  and  surface  active  states.  Differences  in  respiration  parameters 
among  behavioral  states  have  not  been  compared  statistically  as  yet. 

j 

A  total  of  72  scans  were  conducted  from  the  south  shore  and  84  scans  from  the  north 
shore  (Table  3-3).  Some  pods  of  one  and  two  adults  (18%  of  all  pods)  were  observed 
once  briefly,  and  their  composition  was  not  confirmed;  in  these  cases,  scan  observers 
indicated  a  minimum  number  of  whales  for  the  pod.  Thus,  whale  numbers  may 
potentially  be  underestimated.  Hence,  scan  sighting  rates  are  presented  both  as  the 
number  of  pods  and  whales  sighted  per  hour.  Minimum  numbers  of  whales  and  pods  are 
also  reported  in  Table  3-3. 

Approximately  74%  of  the  north  shore  scans  were  conducted  from  the  Kalalau  station 
with  the  remainder  conducted  from  the  Princeville  Makai  station.  However,  the  north 
shore  data  were  pooled  because  it  was  felt  that  valid  comparisons  could  not  be  made 
between  the  two  stations  due  to  seasonal  differences:  scans  occurred  exclusively  at  the 
Princeville  Makai  site  until  February  16,  with  the  remainder  conducted  from  the  Kalalau 
site  (Figure  3-16).  Moreover,  the  two  stations  were  within  1 1  km  of  each  other  (Figure  3- 
1).  Nonetheless,  there  was  no  significant  difference  in  the  overall  number  of  pods 
sighted/h  between  the  two  northern  stations  (Mann- Whitney  U  =  586,  Z  =  -1.01,  P  < 
0.50). 
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Kruskal- Wallis  tests  indicated  no  significant  difference  in  the  sighting  rates  of  pods  or 
whales  with  Beaufort  wind  condition  <  6  at  either  the  north  (H  =  2.07.  and  1 .53, 
respectively,  df  =  4,  P  =  0.73  and  0.81)  or  south  sta:fions  (H  =  6.44  and  6.60,  respectively, 
df  =  4,  P  =  0.13;  Figure  3-17).  Thus,  all  data  collected  under  these  conditions  were 
included  in  the  scan  summary  statistics.  There  was  a  trend  for  the  sighting  rate  to  decline 
at  the  south  shore  in  Beaufort  conditions  >  2;  however,  due  to  the  small  sample  size 
associated  with  Beaufort  conditioDS  1  and  2,  valid  comparisons  limited  to  these 
conditions  were  not  possible. 

The  overall  sighting  rates  of  pods  and  whales  were  higher  at  the  north  shore  than  the 
south  shore  (H  =  12.61  and  13.35,  df  =  5,  P  =  0.027  and  0.020).  Moreover,  sighting  rates 
were  consistently  higher  at  the  north  versus  the  south  shore  during  every  fortnight  except 
the  period  from  12  to  25  March  (Figure  3-16).  Sighting  rates  of  pods  and  whales  also 
varied  significantly  between  fortnights  at  the  north  (H  =  12.96  and  14.55,  respectively,  df 
=  5,  P  =  0.024  and  0.013)  and  south  shores  (H  =  1 1.12  and  12.83,  respectively,  df  =  5,  P  = 
0.05  and  0.025).  The  peak  sighting  rate  at  the  north  shore  occurred  between  26  February 
and  1 1  March  (8.0  pods/h,  18.0  whales/h),  although  there  were  two  other  peaks  from  29 
January  to  1 1  February,  and  from  26  March  to  8  April.  The  peak  sighting  rate  at  the  south 
shore  occurred  between  12  and  25  March  (5.6  pods/h,  1 1.2  whales/h),  followed  closely 
by  the  period  from  26  February  to  1 1  March. 

The  relative  sighting  rates  of  various  pod  compositions  also  varied  by  fortnight  period 
(Figure  3-18).  At  the  north  shore,  pods  of  I  adult  were  observed  most  frequently  early  in 
the  season  (29  January  to  1 1  February);  pods  of  2  and  >  2  adults  peaked  during  mid¬ 
season  (26  February  to  1 1  March),  coinciding  with  the  overall  peak  sighting  rate;  pods 
with  a  calf  were  not  observed  until  mid-March  and  did  not  exhibit  a  detectable  peak,  as 
they  were  sighted  relatively  infrequently.  At  the  south  shore,  peak  sighting  rates  of  ail 
pod  types  except  pods  with  a  calf  occurred  from  26  February  to  25  March,  coinciding 
with  the  overall  peak  of  pod  and  whale  numbers.  Pods  with  a  calf  were  observed  most 
frequently  during  the  last  fortnight  of  observations  from  9  to  14  April. 
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Overall,  the  relative  proportions  of  pod  types  sighted  during  scans  at  the  north  (n  =  12 1 
pods)  and  south  (n  =  75  pods)  shores  indicated  that  large  pods  occurred  more  frequently 
at  the  north  shore,  while  pods  with  a  calf  occurred  more  often  at  the  south  shore  (Table  3- 
3).  Pods  of  >  2  adults  comprised  18%  (n  =  21)  of  all  pods  sighted  at  the  north  shore 
compared  to  10%  (n  =  7)  at  the  south  shore.  Pods  with  a  calf  represented  4%  (n  =  5)  of  all 
north  shore  pods  compared  to  1 1%  (n  =  8)  at  the  south  shore.  In  contrast,  the  relative 
proportions  of  pods  of  one  and  two  adults  were  similar  at  the  north.and  south  shores,  with 
each  pod  type  comprising  approximately  40%  of  all  pods  observed. 

Scan  sighting  rates  were  also  examined  relative  to  time  of  day  (hour  of  scan;  Figure  3- 
19).  There  was  no  significant  difference  in  the  number  of  pods  or  whales  sighted/h  by  2-h 
block  at  either  the  north  or  the  south  shores  (H  =  2.18  and  1.25,  respectively,  df=  4,  P  = 
0.70  and  0.87).  Sample  sizes  were  too  small  to  examine  the  potential  interaction  between 
time  of  day  and  fortnight  period. 

The  number  of  vessels  and  aircraft  occurring  within  6.5  km  of  the  shore  stations  was  also 
counted  during  scans.  Helicopters  were  sighted  more  frequently  at  the  north  (0.40 
helicopters/scan)  than  the  south  (0.07  helicopters/scan)  shore.  Helicopters  on  the  north 
shore  were  generally  touring  the  Na  Pali  coastline,  although  they  occasionally  circled 
whales  as  well;  helicopters  in  the  south  were  generally  transitting  the  area.  Vessels  were 
sighted  four  times  more  frequently  at  the  south  (2.1  vessels/scan)  compared  to  the  north 
(0.50  vessels/scan)  shore  (Table  3-3).  Vessels  in  the  south  generally  passed  through  the 
study  area,  but  did  not  approach  or  pursue  whales,  whereas  many  of  the  vessels  in  the 
north  were  whale-watching,  and  therefore  approached  or  pursued  whales  closely.  Figure 
3-20  shows  the  relative  numbers  of  vessels,  helicopters  and  light  aircraft  sighted  from 
north  and  south  shore  stations. 

In  addition  to  scans,  the  minimum  number  of  whales  passing  within  8  km  of  the  stations 
was  estimated  based  on  opportunistic  sightings  made  throughout  each  day,  accounting  for 
possible  recounts  of  the  same  individual  or  pod  as  much  as  possible  (Table  3-7). 
However,  effort  during  non-scan  periods  was  not  systematic.  These  estimates  were 
consistent  with  the  results  of  the  scans.  They  indicated  that  the  mean  sighting  rate  was 


higher  at  the  north  shore  (2.7  pods/h,  4.2  whales/h)  than  the  south  shore  (1.7  pods/h,  2.9 
whales/h).  Due  to  reduced  effort,  these  sighting  rates  were  less  than  the  mean  sighting 
rates  calculated  for  scans  at  the  north  (5.6  pods/h,  1 1.0  whales/h)  and  south  (4.5  pods/h, 
8.1  whales/h)  shores. 

Pod  speed  and  orientation 

Analyses  of  theodolite  data  are  limited  at  this  time,  pending  completion  of  software  to 
calculate  pod  and  vessel  separation  distance  and  various  other  statistics.  The  tracks  of 
66%  (n=152)  of  all  pods  (focal  and  non-focal)  fixed  with  the  theodolite  at  least  twice 
from  the  southern  shore  station  and  the  two  northern  stations  are  plotted  in  Figures  3-3,  3- 
4,  and  3-5.  This  subset  of  data  comprised  the  days  when  the  greatest  number  of  pods  were 
tracked.  General  summaries  of  pod  speed,  orientation,  and  distribution  are  provided  as 
well. 

Swim  speed  was  significantly  different  among  pod  types  (Table  3-8).  Pods  with  a  calf 
swam  at  half  the  speed  of  pods  of  1, 2,  and  >  2  adults  (2.3  vs.  4.8-5 .3  km/h,  ANOVA,  P  = 
0.03,  F=  3.02,  n=193  pods  tracked  >  2  times).  There  was  no  difference  in  swim  speed 
between  the  north  and  south  shores  by  pod  type. 

Frequency  analysis  of  pod  orientation  and  plots  of  whale  tracks  showed  that  most  whales 
traveled  parallel  to  the  shoreline  with  little  change  in  orientation  (Figures  3-3  to  3-5). 
Most  travel  along  the  south  shore  was  to  the  east  (9 1 ‘’-135°)  or  to  the  west  (271 ‘’-3 15°), 
with  a  larger  proportion  traveling  eastbound  (n=39)  than  westbound  (n=16;  =  91.7,  df 

=  7;  P  <  0.001).  On  the  north  shore,  the  trend  was  exactly  the  opposite,  with  the  largest 
proportion  of  pods  (n=35)  traveling  eastbound  (226°-270°)  and  the  second  largest  (n=21) 
traveling  westbound  (46°-90°).  There  was  also  no  significant  difference  in  linearity  index 
among  pod  types,  although  paths  of  calf  pods  tended  to  be  more  “random”  than  other 
pods  (linearity  indices  of  single  individuals  =  0.81,  of  pods  with  calves  =  0.64,  Kruskal- 
Wallis,  H  =  6.14,  P  =  0.10;  Figure  3-21;  Table  3-8). 

IV.  Discussion 
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Analysis  of  the  1993  shore  data  is  still  incomplete,  particularly  analysis  of  responses  to 
disturbances  such  as  vessels  pending  completion  of  software.  However,  the  results 
provided  so  far  are  sufScient  for  a  general  description  of  undisturbed  behavior  of  the 
humpback  whale  ofFBCauai. 

Activities  of  humpbacks  differed  on  the  north  versus  the  south  shores  of  Kauai  and  to  a 
lesser  extent  between  the  two  northern  shore  stations.  The  proportions  of  time  spent  in 
behavioral  states  associated  with  active  socializing  and  male  competition  for  females 
(surface  activity  and  milling;  Tyack  and  Whitehead  1983,  Baker  and  Herman  1984),  were 
more  prevalent  around  the  broad,  shallow  shelves  ofFHanalei  Bay  and  the  west  end  of  the 
Na  Pali  Coast  as  opposed  to  the  southern  coast,  suggesting  that  these  areas  might  be 
preferred  sites  for  social  activities  (all  north  shore  vs.  all  south  shore  station:  stationary 
12%  vs.  28%,  milling  14%  vs.  3%  ,  traveling  55%  vs.  54%,  surface  activity  20%  vs. 

13%,  Table  3-4;  Figures  3-8  and  3-10).  These  results  agree  with  the  results  of  the  aerial 
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observations  (Chapter  4).  Time  budgets  off  Princeville  Makai,  where  the  shelf  just  began 
to  broaden,  differed  somewhat  from  the  Kalalau  Trail  site  (Kalalau  [site  15]  vs. 

Princeville  [site  11]  stations:  stationary  4%  vs.  28%,  milling  13%  vs.  9%,  traveling  56% 
vs.  49%,  and  surface  activity  28%  vs.  14%;  Table  3-4;  Figures  3-8  and  3-9).  Some  of  the 
difference  between  the  two  northern  stations  may  be  related  to  season  as  well  as 
topography  because  the  two  stations  were  not  operated  simultaneously.  Analysis  of  the 
1994  data  may  clarify  this  issue. 

In  addition  to  season  and  bottom  topography,  differences  in  behavior  may  be  related  to 
differing  sea  state  between  the  northern  and  southern  stations.  The  rate  of  surface  active 
behaviors  appeared  to  correlate  with  Beaufort  number  (Figure  3-11),  similar  to  results  of 
Whitehead  (1985).  However,  since  sea  states  and  smface  active  behaviors  both  increased 
toward  the  end  of  the  season,  the  relationship  may.  have  been  the  result  of  seasonal 
changes  in  behavior.  Pooling  1993  and  1994  data  collected  from  both  stations  may  clarify 
this  relationship. 

There  was  little  difference  between  the  north  and  south  in  respiratory  parameters,  once 
the  differences  in  activity  (time  spent  in  each  behavioral  state)  were  taken  into  account. 
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Traveling  was  the  most  prevalent  behavioral  state  in  both  singletons  and  pairs.  Means  of 
respiratory  parameters  did  not  differ  significantly  in  traveling  singletons  and  pairs  (Table 
3-5  and  3-6,  Figures  3-14  and  3-15).  The  variability  of  respiratory  parameters  was  greater 
between  northern  and  southern  sites  in  milling,  stationary,  and  surface  active  whales.  The 
significant  difference  between  northern  and  southern  blow  rates  in  surface  active 
singletons  may  have  been  the  result  of  unequal  variances,  as  well  as  small,  skewed 
sample  sizes  (Table  3-5).  Splitting  behavioral  states  before  further  analysis  may  reduce 
variances.  For  example,  stationary  individuals  might  have  been  resting  or  singmg,  states 
that  could  be  associated  with  very  different  respiratory  patterns.  Analysis  of  the 
acoustical  data  from  1994  on  singing  whales  may  allow  “singing”  to  be  treated  as  a 
separate  behavioral  state. 

In  previous  studies,  time  spent  at  the  surface  correlated  positively  with  the  duration  of 
preceding  dive  (Baker  1985;  Bauer  1986;  Dolphin  1987  a,b,c,d).  This  is  also  true  of 
studies  on  other  diving  marine  mammals,  including  Weddell  seals  (Leptonychotes 
weddellv,  Kooyman  et  al.  1980),  bottlenose  dolphins  (Tursiops  truncatus,  Ridgway  1986, 
Ridgway  et  al.  1969),  gray  whales  {Eschrichtivs  robustus,  Harvey  and  Mate  1984; 

Wursig  1984;  Wiirsig  et  al.  1986),  southern  right  whades  (Eubalaena  australis,  Hanmer  et 
al.  1988),  bowhead  whales  {Balaena  mysticetus,  Wursig  and  Clark  1993),  and  sperm 
whales  {Physeter  macrocephalus,  Lockyer  1977).  However,  stationary  singletons  and 
pairs  observed  off  Kauai  displayed  shorter  surfacings  preceded  and  followed  by  longer 
dives  compared  to  traveling  and  surface  active  pods.  In  the  previous  studies,  much  of  the 
relationship  between  surfacing  duration  and  dive  duration  was  determined  from  data  on 
individuals  swimming  under  controlled  conditions  or  traveling.  Other  activities,  such  as 
singing,  may  force  the  whales  to  control  oxygen  intake  in  other  ways,  i.e.  by  changing  the 
tidal  volume  of  each  breath,  by  altering  the  efficiency  of  oxygen  uptake,  or  by 
functioning  anaerobically. 

Increasingly  active  states  were  associated  with  increasing  blow  rates,  as  might  be 
expected  from  the  increasing  metabolic  demands  of  greater  activity  (Siunich  ****;  Table 
3-5,  Table  3-6).  Stationary  singletons  and  pairs  had  blow  rates  of  0.3-0.4/min,  traveling 
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whales  0.5-0.6/min,  milling  whales  0.4-  0.6/min,  and  surface  active  pods  0.4-1.1/min. 

The  increase  appeared  to  be  the  result  of  decreasing  dive  duration  with  increasing 
activity.  Blow  intervals  were  relatively  invariant  across  all  behavioral  states.  Surfacing 
duration  and  blows  per  surfacing  did  not  vary  consistently  with  increasing  activity.  Single 
traveling  whales  blew  fewer  times  per  surfacing  duration  (2.7)  than  either  stationary  (4.1) 
or  surface-active  whales  (4.7-6.5).  The  surfacing  durations  of  stationary  whales  were 
marginally  higher  than  that  of  traveling  whales  (1. 1-1.4  min  vs.  0.8  min),  but  around  half 
that  of  surface-active  whales  (1. 4-2.7  min).  These  inconsistencies  may  be  the  result  of 
small  sample  sizes,  but  other  constraints  could  have  regrilated  time  at  the  surface.  For 
example,  stationary  whales  might  have  been  singing,  resting  or  courtingi  states  that  might 
have  had  very  different  respiratory  patterns.  Caution  should  be  used  when  interpreting 
trends  in  respiratory  parameters,  even  blow  rate,  as  indicative  of  metabolic  demand  —  the 
dividing  line  between  blow  intervals  and  dive  durations  is  artificial  and  whales  could 
compensate  for  increasing  metabolic  demands  in  undetectable  ways,  especially  by 
increasing  tidal  volume  (G.L.  Kooyman  pers  comm.) 

Sightability  of  blows  might  also  have  had  a  subtle  effect  on  analysis  of  respiratory 
parameters.  Blows  were  entered  into  the  encoded  data  every  time  a  whale’s  blowhole 
emerged  fi:om  the  surface  (a  rise)  and  there  were  sufficient  observers  on  the  shore  stations 
to  detect  initial  rises  reliably.  In  states  where  blows  were  readily  visible,  such  as 
traveling,  the  number  of  missed  blows  was  probably  small.  However,  the  proportion  of 
rises  during  which  whales  actually  blew  may  have  varied  undetectably  when  whales  spent 
long  periods  at  the  surface,  particularly  when  they  were  surface  active. 

The  composition  of  poda  changed  with  season.  Singletons  and  pairs  were  common 
throughout  the  season,  but  mothers  with  calves  and  large  surface-active  pods  did  not 
become  prevalent  until  March  and  April.  Cows  with  calves  were  not  sighted  at  all  until 
early  March  in  1993  and  were  not  sighted  along  the  north  shore  until  the  second  fortnight 
in  March.  They  were  never  as  common  in  the  north  as  in  the  south  (4%  vs.  1 1%;  Table  3- 
3).  Groups  with  more  than  2  adults  were  sighted  infrequently  in  the  south  and  were  most 
common  at  the  peak  of  the  season;  in  the  north  they  were  common  from  the  first  fortnight 
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in  March  onward.  Seasonal  changes  in  pod  composition  and  activity  are  consistent  with 
reports  from  other  Hawaiian  islands  (Herman  and  Antinoja  1977,  Herman  et  al.  1980, 
Baker  and  Herman  1984,  Mobley  and  Herman  1985,  Forestell  1989). 

Sighting  frequency  of  whales  calculated  from  scan  samples  varied  across  the  season.  By 
the  time  observations  were  underway  in  1993,  whales  had  already  entered  the  region  of 
Kauai.  The  sighting  rates  from  the  north  shore  suggest  “pulses”  of  whales  were  entering 
the  area,  with  peaks  in  the  first  fortnight  of  each  month,  whereas  the  sighting  rates  in  the 
south  peaked  in  March,  decreasing  afterward  (Figure  3-16).  Peak  sighting  rates, 
particularly  off  northern  Kauai,  occured  later  in  the  season  than  reported  for  other 
Hawaiian  islands  (Herman  and  Antinoja  1977,  Herman  et  al.  1980,  Mobley  and  Herman 
1985).  This  suggests  that  northern  Kauai  may  serve  as  a  staging  area  for  northwest- 
migrating  whales  at  the  end  of  the  season,  in  agreement  with  the  results  of  previous  work 
(Baker  and  Herman  1981). 

Whales  stayed  within  the  100-fin  isobath  for  the  most  part  (Figures  3-3  to  3-5),  consistent 
with  reports  of  other  authors  (Chittleborough  1965,  Herman  and  Antinoja  1977)  and  the 
results  of  aerial  surveys  (Baker  and  Herman  1981,  Forsyth  et  al.  1991,  Chapter  1).  An 
unexpected  observation  was  the  generally  eastward  orientation  of  whales  in  the  north  and 
westward  orientation  in  the  south  (Figure  3-21).  These  observations  suggest  that  whales 
may  circumnavigate  Kauai  in  a  predominantly  clockwise  direction  (possibly  including 
Niihau  in  the  circuit).  Analysis  of  the  pooled  data  from  both  1993  and  1994  on 
orientation  and  sighting  rate,  treating  shelf  width,  time  of  day,  fortnight,  and  tide  as 
independent  variables,  may  clarify  both  trends. 

The  apparent  peak  in  sighting  rate  from  both  shores  from  1400  to  1600  may  be  related  to 
season  as  well  (Figure  3-19).  Most  scans  (56%  of  18)  between  1400  and  1600  occurred 
during  the  periods  of  peak  sighting  rates  (2/26  -  3/25)  because  wind  conditions  in  late 
March  and  April  generally  prohibited  working  after  noon.  Circadian  rhythms  are  common 
in  many  species,  including  humpback  whales.  In  other  studies,  frequency  and  size  of 
breeding  groups  and  aggressive  surface  activity  appears  to  increase  in  the  afternoon 
(Bauer  1986,  Helweg  1989).  However,  sample  sizes  were  too  small  to  measure  the 
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interaction  between  fortnight  and  hour.  Similarly,  sample  sizes  were  too  small  to  measure 
the  relationship  between  Beaufort  number  and  fortnight,  although  the  number  of  pods 
sighted  per  hour  did  not  appear  to  be  related  to  Beaufort  number  (Figure  3-17). 

The  analysis  of  behaviors  of  whales  potentially  disturbed  by  aircraft  and  vessels  is 
unavailable,  pending  the  completion  of  software  to  calculate  vessel  approach  distances.  It 
is  tempting  to  assume  that  whales  in  the  south  were  more  disturbed  than  those  in  die 
north  because  there  was  a  four-fold  greater  number  of  vessels  that  came  within  4  km  of 
pods  at  the  south  shore  station.  However,  the  vessels  on  the  north  shore  were  often 
whale-watching  vessels  that  approached  whales  closely,  whereas  vessels  in  the  south 
were  generally  fishing  vessels  that  passed  by  whales  without  approaching  them  and 
without  arousing  obvious  changes  in  behavior.  Bauer  (1986)  has  shown  that  humpback 
whales  are  sensitive  to  differences  in  vessel  behavior,  with  approaching  vessels  and 
aircraft  arousing  greater  changes  in  respiratory  behavior  than  vessels  passing  by. 
Therefore,  until  the  responses  of  whales  to  vessels  at  various  ranges  and  behavior  states 
are  established,  it  will  be  difficult  to  characterize  disturbances  on  either  shore. 

There  is  another  soiuee  of ‘disturbance’  that  remains  to  be  characterized.  Pods  alter  one 
another’s  behavior  during  close  approaches  and  affiliations  and  disaffiliations  (Baker  and 
Herman  1984,  Mobley  and  Herman  1985,  Tyack  1981,  1982).  Affiliations  and 
disaffiliations  were  more  common  along  the  north  shore,  particularly  off  the  Kalalau 
shore  station.  In  the  case  of  vessel  approaches,  several  authors  have  reported  that 
disturbed  behaviors  persist  for  15-30  minutes  after  a  vessel  leaves  an  area  (Bauer  1986, 
Baker  and  Herman  1989).  These  estimates  were  based  on  changes  in  respiratory 
parameters  and  swim- direction.  However,  the  duration,  of  disturbances  caused  by  other 
pods,  measured  using  respiratory  parameters,  swim  direction,  and  changes  in  behavioral 
state,  may  be  much  more  persistent.  Both  man-made  and  natural  disturbances  may 
obscure  the  effects  of  the  ATOC  source  transmissions.  Therefore,  further  analysis  of 
behaviors  during  and  after  pod  interactions  should  be  done  in  cases  where  individuals  can 
be  recognized. 

V.  Recommendations  for  1994  and  1995 
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The  analysis  of  respiration  parameters  should  he  re-examined.  The  use  of  means  versus 
raw  respiratory  parameters  should  be  examined  in  greater  depth,  including  an 
examination  of  the  independence  of  successive  events  (surfacing  durations,  dive 
durations,  blow  intervals),  the  minimum  sample  sizes  needed  to  determine  differences 
between  categories,  the  value  of  transformations  that  may  allow  parametric  methods  to  be 
used  on  the  data,  and  the  methods  for  defining  behavioral  states. 

Based  on  the  data  from  1993,  and  using  the  variance  of  respiration  parameters  from 
traveling  whales,  the  sample  sizes  needed  to  distinguish  differences  in  an  ANOVA  with 
three  treatment  factors  were  calculated  (Zar  1984,  p.  174).  In  order  to  insure  that 
differences  of  around  10-20%  between  disturbed  and  undisturbed  can  be  detected,  the 
foilovdng  procedures  should  be  adopted: 

(1 )  Reduce  variability  of  the  sample,  at  the  expense  of  sample  size  if  necessary.  The 
approach  used  in  1993  was  to  use  the  mean^of  respiration  parameters  for  each  pod  in  each 
behavioral  state  as  inputs  to  the  analysis.  In  the  case  of  dive  intervals,  blow  rates, 
surfacing  durations,  and  blows/surfacing,  the  sample  for  each  pod  was  often  so  small  that 
this  procedure  had  little  effect  (sample  sizes  of  2-3).  In  1994,  the  duration  of  focal  pod 
samples  was  increased  by  using  high-powered  “Big  Eye”  25x150  binoculars  so  that 
within-pod  comparisons  might  be  possible;  this  vvill  require  determining  the  degree  of 
independence  among  successive  samples  (blow  intervals,  dive  durations,  etc). 

(2)  Insure  that  the  sample  of  focal  pods  of  each  pod  type  (e.g.,  singletons,  adult  pairs)  is 
large  enough  (roughly  20-40  pods  in  each  state  before  and  during  a  disturbance  based  on 
the  data  from  1993). 

To  give  an  example,  take  the  dive  duration  of  singleton  pods  in  the  stationary  behavioral 
state  (Table  3-5).  Given  the  grand  mean  of  13.3  min,  if  the  coefficient  of  variation  were 
50%  or  greater,  even  an  uAreasonably  large  sample  size  (e.g.,  n=I00)  would  not  provide 
the  test  with  great  enough  power  (most  0.55).  If  the  coefficient  of  variation  were  around 
20%,  a  sample  of  20  would  have  a  power  of  0.60,  and  a  sample  of  40  would  have  a  power 
of  0.90.  For  a  sample  of  20,  the  Kxuskal-Wallis  ANOVA  by  ranks  (the  non-parametric 
equivalent),  would  have  a  power  of  0.85. 


60 


(3)  Re-examine  the  1993  and  1994  data  to  determine  whether  behavior  activity  categories 
can  be  pooled,  divided  into  categories  with  less  variability,  or  eliminated. 

(4)  Examine  changes  in  respiration  rate  of  focal  pods  after  interactions  with  other  non- 
focal  whales  (e.g.,  affiliations,  disaffiliations,  and  close  passes). 

Rates  of  aerial  behaviors  should  be  examined  from  the  shore  station  data  in  relation  to 
vessel  and  aircraft  disturbances,  to  determine  whether  whales  off  Kauai  engage  in  more 
aerial  behaviors  when  disturbed.  Aerial  behaviors  have  been  associated  with  responses  to 
disturbance  in  a  number  of  studies  of  humpback  whales  (e.g.,  Mobley  et  al.  1988;  see 
Chapter  4). 

The  relationship  between  pod  behaviors  and  environmental  factors  should  be  examined  in 
further  detail  to  see  if  some  of  the  variability  in  the  sighting  rates,  respiration  parameters, 
and  time  spent  in  each  behavioral  state  can  be  accoimted  for.  Also,  determine  if  net  swim 
speed,  cumulative  swim  speed,  net  orientation,  and  orientation  at  each  surfacing  can  be 
correlated  with  these  factors.  Based  on  1993  data,  the  most  important  factors  are  expected 
to  be  day  of  the  season,  water  depth,  shelf  width  in  the  area  where  the  pod  was  tracked, 
time  of  day,  and  Beaufort  number.  Tide  height  (in  lieu  of  current  direction),  temperature 
(if  available),  and  other  features  of  bottom  topography,  such  as  the  availability  of  sandy 
shallows  between  coral  reefs,  may  also  be  important. 

Complete  the  analysis  of  pod  swim  speed  and  movements  relative  to  other  pods  and 
vessels.  This  work  is  already  planned. 
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_ ATOC  SHORE  COMPUTER  HEADERS  &  PROTOCOL  1993-95 

(extracted  directly  from  program) 

1)  HEAD-H  (INITIAL  HEADER  INFORMATION) 

Observational  Station? 

Focal  Behavioral  Observer? 

Observational  Period? 

Total  No.  Vessels  w/in  a  Session? 

Pod  Number? 

Group  Size? 

No.  of  Calves? 

Focal  Pod  Orientation? 

Speed  (0  to  3)? 

Observation  Conditions  (Vis  +  Beauf)? 

Cloud  Cover  (%)? 

Glare  (%  +  Section  IPs)? 

Swell  Height  (m)? 

Swell  Period  (sec)? 

Vessel  Disturbance  (U,  P,  D1.  D2,  or  D3)? 

Airaaft  (plane  &  helicopter)  Disturtjance  (U.  PP.  DPI,  PD2,  PD3,  PH,  DH1,  PH2.  or  PH3)? 

2)  HEAD-R  (BINOCULAR  RETICLE  CONVERSION  +  RATING) 

Reticle  Number?  (Prints  distance  from  shore  in  km) 

Confidence  Rating  (1  to  5)? 

3)  HEAD»S  (UPDATE  POD  ORIENTATION  +  SPEED) 

Focal  Pod  Orientation? 

Speed  (0  to  3)? 

4)  HEAD-D  (UPDATE  DISTURBANCE  LOGGING) 

Vessel  Disturbance  (U,  P,  D1 ,  D2,  or  D3)? 

Aircraft  (plane  &  helicopter)  Disturbance  (U,  PP,  DPI,  PD2,  PD3,  PH.  DHI,  PH2,  or  PH3)? 

5)  HEAD-E  (UPDATE  ENVIRONMENTAL  DATA) 

Observation  Conditions  (Vis  +  Beauf)? 

Cloud  Cover  (%)? 

Glare  (%  +  Section  #*3)? 

Swell  Height  (m)? 

Swell  Period  (sec)? 

•Note:  Every  hour  you  will  be  flagged  w/  HEADE  &  beeps. 

6)  HEAD-A  (WHALE  AFFILIATIONAJISAFFILIATION) 

Affil/Dlsaffil  (A  or  D)? 

New  Pod  Number? 

New  Group  Size? 

No.  of  Calves? 

New  Observational  Period? 

Vessel  Disturbance  (U,  P,  D1 ,  D2,  or  D3)? 

Aircraft  (plane  &  helicopter)  Disturbance  (U.  PP,  DPI,  PD2,  PD3,  PH,  DHI,  PH2,  or  PH3)? 
•Warning:  HEAD-R,  HEAD-O,  and  HEADE  must  be  updated  ASAP!!! 


ATOC  SHORE  BEHAVIOR  STATES  1993-95 

Computer  Function  Keys 


Code 

Name 

Definition 

F1 

rest 

REST 

indicated  when  a  whale(s)  lays  horizontal  and 
motionless  near  the  surface  in  the  same  location  for  5 
sec  or  more. 

F2 

mill 

MILUNG 

swimming  with  no  obvious  orientation  (non-directional) 
characterized  by  asynchronous  headings,  circling, 
changes  in  speed,  and  no  surface  activity. 

F3 

trav 

TRAVEUNG 

swimming  witti  an  obvious  orientation  (directional), 
constant  speed,  no  surface  activity. 

F4 

stat 

STATIONARY 

little  or  no  forward  movement  (<1  km/hr)  between 
surfacing  sequences,  staying  in  the  same  general 
location  (singers  and  tail-sailers  fit  in  this  state). 

F5 

smil 

SURFACE 
ACTIVE  MILL 

non-directional  swimming  with  the  occurrence  of  aerial 
behavior  that  creates  a  conspicuous  splash  (include  all 
head,  tail,  pec  fin,  and  leaping  behavior).  This  is  also  an 
event  for  non-focal  pods. 

F6 

strv 

SURFACE 
ACTIVE  TRAVEL 

directional  swimming  with  the  occurrence  of  aerial 
behavior  that  creates  a  conspicuous  splash.  This  is  also 
an  event  for  non-focal  pods. 

F7 

asyn 

ASYNCHRONOUS 

pods  with  respiration  patterns  out  of  synchrony  where  a 
whale(s)  blows  greater  or  less  than  5  sec.  from  other 
whales  (e.g.,  2  whales  surface  and  blow  together  while 
the  other  whale  blows  5  sec  later).  During  extended 
pauses  (dives)  try  to  make  a  NOTE  of  the  number  of 
asynchronous  whales  and  their  approx,  distance  from 
the  core  group.  Not  pressing  the  asyn  function  key  will 
indicate  the  default  that  all  whales  in  the  pod  are 
synchronous  in  their  respiration's. 

*Note:  record  approx,  speed  and  compass  direction  when  possible  in  the  HEADS  header. 

0  =  not  moving  forward 

1  =  slow  (no  wake,  1-2  km/hr) 

2  =  medium  (small  wake,  3-5  km/hr) 

3  =  fast  (large  wake,  >  6  km/hr) 

Events  are  instantaneous,  while  states  have  appreciable  duration  (Altmann  1974). 


‘Behavior States  modified  from- Baker  et  at.  198Z  WQrsiaetal.  1984,  Bauer  1986,  and  Richardson  et  1991 


ATOC  SHORE  VISIBILITY  &  BEAUFORT  CODES  1993-95 


VISIBIUTY: 


CODE 

NAME 

DEFINITION 

1 

EXCELLENT 

Surface  water  calm  (Beaufort  0-1)  with  no  sun  glare  or 
other  environmental  factors  impeding  ability  to  sight 
whales.  Visibility  >  5  km 

2 

VERY  GOOD 

May  be  slightly  uneven  lighting  or  light  chop  (Beaufort  2) 
but  still  relatively  easy  to  sight  whales.  Visibility  >  5  km 

3 

GOOD 

Light  chop  with  scattered  whitecaps  (Beaufort  3), 
significant  swell  (>  2  m)  or  some  sun  glare  or  other 
impediment  (e.g.,  haze)  in  <10%  of  the  study  area. 

Whales  can  still  be  detected  fairly  easily. 

4 

FAIR 

Choppy  waves  with  fairly  frequent  whitecaps,  low-light 
conditions  (e.g.,  heavy  overcast,  dawn,  dusk),  or  sun  glare 
In  <50%  of  study  area.  Some  animals  in  study  area  likely 
to  be  missed 

5 

POOR 

Numerous  whitecaps  (Beaufort  5)  or  sun  glare  or  haze  in 
>50%  of  the  study  area,  impeding  ability  to  sight  whales. 
Many  (>50%  ?)  animals  in  study  area  are  likely  to  be 
missed 

6 

UNACCEPTABLE 

Beaufort  >6,  or  glare,  haze,  or  other  visibility  impediment 
in  >75%  of  study  area.  Detection  of  whales  unlikely  unless 
the  observer  is  looking  directly  at  the  place  where  the 
animals  surface. 

•Note:  Modified  from  Platform  of  Opportunity  Program  computer  format  designed  for 
vessel-based  marine  mammal  surveys 


SEA  CONDITION  (BEAUFORT): 


CODE 

DESCRIPTION 

WIND  SPEED  (km/h) 

WAVE  (m) 

0 

Smooth  and  mirror-like 

Calm 

- 

1 

Light  air 

(2-6) 

0.3 

2 

Small  wavelets,  not  breaking 

1  Mlefll  1 

msm 

0.6 

3 

Scattered  whitecaps 

Gentle  Breeze 

liESktl 

1.2 

4 

Small  waves,  frequent  whitecaps 

Mod.  breeze 

T8 

5 

Moderate  waves,  many  whitecaps 

Fresh  breeze 

ZO 

6 

ggWKiH 

3.0 

7 

Breaking  waves,  ^'ndrift  begins 

4.3 

8 

Medium  high  waves,  foamy 

Gale 

(62-74) 

■  5.5 

•Note: 

Beaufort  6-8  not  meaningful  (time  to  go  home!). 

ATOC  SHORE  ENVIRN  COND.  &  RATING  CODES  1993-95 


ENVIRONMENTAL  CONDI 

mONS; 

CODE 

NAME 

DEFINITION 

VIS 

VISIBILITY 

scale:  1  =  excellent.  2  =  very  good,  3  =  good,  4  =  fair,  5  = 
poor,  6  =  unacceptable  (see  visibility  definitions). 

BF 

BEAUFORT 

I 

Beaufort  sea  state  (see  Beaufort  definitions) 

CC 

CLOUD  COVER 

percent  of  study  area  covered  by  clouds. 

GL 

GLARE 

percent  of  study  area  covered  by  moderate  to  severe  glare, 
which  affects  ability  to  sight  whales.  Also  note  the  "section" 
within  which  glares  occur.  A  section  =  each  quarter  of  the 
study  area  b^inning  to  the  left  and  looking  clockwise. 

There  are  4  section  total. 

I 

SH 

SWELL  HBGHT 

estimated  in  meters. 

SP 

SWELL  PERIOD 

time  between  successive  swells  in  seconds. 

•Note: 

entered  in  the  initial 

header  (HEADH)  and  every  hour  on  the  hour  in  the  update 

envimomental  header  (HEADE) 


BEHAVIORAL  OBSERVATION  CONRDENCE  RATINGS: 


CODE 


OERNinON 


Excellent  respiration  and  behavioral  data  (confident  that  you  are  missing  none). 


Excellent  respiration  and  "soft"  behavioral  data  (confident  you  are  seeing  blows, 
but  you  may  be  missing  some  behaviors  (<10%),  usually  due  to  distance  or 
environmental-conditions). _ 


Okay  respirations  (you  think  you're  getting  most  blows)  but  shaky  behavior  (you 
feel  you  are  unable  to  discern  sonrie  {<25%)  behaviors,  generally  due  to 
distance  or  conditions).  _ 


Shaky  respirations  (the  data  will  probably  be  useful  only  for  surface  and  dive 
times)  and  only  very  obvious/conspicuous  behaviors  visible. _ 


Theodolite  tracking  only  due  to  inability  to  discern  blows  and  behaviors  usually 
due  to  distance  or  conditions. 


•Note:  entered  in  the  binocular  reticle  conversion  +  rating  header  (HEADR). 


ATOC  SHORE  POTENTIAL  DISTURBANCE  CATEGORIES  1993-95 


EXPERIMENTAL  CONDITIONS  (expts  computer  4-cligit  code): 


^ .  Potential  Vessel  Disturbance: 


u 

(0) 

Undisturbed  (vessels  >  4  km) 

p 

(1) 

Potential  Disturbed  (vessels  >  1  km  and  <  4  km) 

D1 

(2) 

Type  1  Disturbance  (vessels  <  1  km,  passing  by) 

D2 

(3) 

Type  II  Disturbance  (vessels  <  1  km  and  actively  following) 

D3 

(4) 

Type  III  Disturbance  (our  research  vessel  <  1  km  engaged  in  photo  ID  work) 

‘Note:  these  categories  are  broad  classes  of  visual  vessel  proximity  and  their  behavior  to  the 


focal  whale(s).  A  30  min  buffer  will  be  applied  prior  to  each  entered  code  (e.g.,  if  U  then 
D1  and  back  to  U  edited  data  will  add  30  min  to  D1  's  duration).  Re-evaluation  of  these 
"flags"  will  be  made  in  the  final  analysis  when  theodolite  fixes  have  been  determined. 

2.  Potential  Aircraft  (airplane  &  helicopter)  Disturbance: _ _ 

U  (0)  Undisturbed  (all  aircraft  ALT  >  1 500  ft  or  457  m) _ 

PP  (1)  Potential  Disturbed  airplane  (ALT  >  1000  ft  and  <  1500  ft) 

DPI  (2)  Type  I  Disturbance  airplane  (ALT  <  1000  ft  and  passing  by) 

DP2  (3)  Type  II  Disturbance  airplane  (ALT  <  1000  ft  and  actively  circling) 

DP3  (4)  Type  III  Disturbance  airplane  (ALT  <  1000  ft  and  blatant  harassment) 

PH  (5)  Potential  Disturbed  helicopter  (ALT  >  1 000  ft  and  <  1 500  ft) 

DH1  (6)  Type  1  Disturbance  helicopter  (ALT  <  1000  ft  and  passing  by) 

DH2  (7)  Type  II  Disturbance  helicopter  (ALT  <  1000  ft  and  actively  circling) 

DH3  (8)  Type  III  Disturbance  helicopter  (ALT  <  1000  ft  and  blatant  harassment) 

‘Note:  these  categories  are  broad  classes  of  visual  aircraft  proximity  and  their  behavior 
to  the  whale(s).  A  15  mih  buffer  will  be  applied  prior  to  each  entered  code. 


3. 

Potential 

ATOC  Transmission  Disturbance: 

U 

(0) 

Undisturbed  (no  transmission) 

P 

(1) 

Potential  Disturbed  (now  none,  but  transmission  <30  min  ago) 

D 

(2) 

Disturbance  (present  now) 

4. 

Potential 

Military  Transmission  Disturbance: 

U 

(0) 

Undisturbed  (no  transmission) 

P 

(1) 

Potential  Disturbed  (now  none,  but  transmission  <30  min  ago) 

D 

(2) 

Disturbance  (present  now) 

‘Note:  in  order  to  make  unbiased  and  “blind"  observations  of  the  effect  of  ATOC  &  Military 
transmissions,  times  will  be  confirmed  after  the  field  season  by  hydrophone  array 
or  assumed  based  on  reported  Scripps  times  and  incorpprated  into  data  analyses. 

Modified  LGL  Coding  and  File  Formats  for  Bowhead  Behavioral  Data  (Richardson  et  al. 
1991}  and  personal  communication  with  Dr.  Gordon  B.  Bauer  (10/11/93). 


COMPUTER  TRANSLATIONS  FOR  ATOC  SHORE  ETHOGRAM  1993-95 


Example  Raw  Computer  Data  w/  Headers,  Behavior  States,  &  Theodolite  Rxes 


1 


FILE  OPENED=07;1 8:22.04/13/93 
HEADE=07:19:01, 22, 80,104.0.5,13 
HEADT=07:21 :53.666,0903750  2341510 
HEADT=07:22:S0,600.0533225  1310515 
HEADN=0724:11,  1  .STARTING  SCAN  0700 
SSC,07:24:44 

HEADN=07:27;33.  2  .RAIN  FRONT  COMING  IN  FROM  EAST.  SECTIONS  3  &  4  OBSCURED 
ESC,07;40:00 

HEAON=07;41 :39.  3  .END  OF  SCAN 
HEADT=07:59:22.501 .091 1920  0443835 ' 

HEADE=08:00;02.33.95.054.0.5.13 
HEADT=08:04:12,502,0915025  0124645 

HEADH=08:05:35.04/1 3/93.1 5.05,01 .0.502.02,0.33,80,054,0.5. 1 3.U.PP 

HEADR=08:06:43.6. 1 4.4 

ASYN=08:06;43 

TRAV=08:06:43 


F.08-.06:49 

B,08:06:55 

A.08;06;58 

HEADN=08:07;47.  4  .ONE  ANIMAL  UP  THIS  SURFACING 

F.08: 10:23 

8.08:10:35 

U, 08:10:43 

8.08:10:44 

HEADT=08:10:47.502,0915335  0090225 
8,08;10;57 
8.08:11:05 
8.08:11:16 
8,08:11:18 

HEADT=08:1 1 :23.903.0925130  0412100 

A.08:11:24 

F,08:13:28 

M.08:14:29 

8,08:14:29 

HEADN=08;  15:20.  5  .LAST  SURFACING  TWO  WHALES  UP 

ASYN=08:15:57 

TRAV=08:15;58 

F.08: 18:25 

8.08:18:51 

8,08:18:58 

8.08:19:16 

8,08:19:17 

8.08:1953 

HEADT=08: 1 9:4 1 .502,09 1 561 0  3571 1 1 0 

8,08:19:55 

A,08:19:58 

8.08:2056 

U.08:20:45 

HEADN=08:21 :10.  6  .BOTH  UP  BUT  WHALE  STILL  ASYCH.  MED  TRAV  WEST 

HEADT=08:2S:48.666.0903750  2341510 

F,08:25:49 

M.08:26:42 

ASYN=08:26:42 

TRAV=08:26:42 

F.08:28:23 

8.08:28:53 

U,0859:00 

HEADT=08:29:01, 502.091 5555  3452730 


Example  Raw  Computer  Data  w/  Headers,  Behavior  States,  &  Theodolite  Fixes 


HEADN=08:29:1 1,  7  .ONE  ANIMAL  UP  LAST  SEQUENCE,  ASYNCH 

HEADE=08;32:29,34,70,00.0.5. 1 3 

M.08:34;07 

F, 08:3622 

8,08:36:54 

8,08:3736 

8,08:38:00 

8,08:38:05 

U.0838:07 

HEADT=08:38:1 0,502,0920210  3342710 

8,08:3822 

A.08:3825 

HEADN=08:39:30.  8  .WHALES  STILL  ASYCH.  2  WLU  APART.  MED  TRAV  WEST 

HEADR=08:40:56.428.3 

AP01, 08:41:1 2 

Y10.08:41:22 

F.08:43:15 

8,08:44:50 

8,08:46:10 

M.08:47:03 

HEADE=08:47:30.44.90,00. 1 .0. 13 

HEADN=08:51:34.  9  .STRANGE  LIGHTING.  TAKING  A  LITTLE  BREAK 
P97.08:55;46 

HEADN=08:55:49.  10  .UGHTING  IS  STRANGE/BAD  VIS  CONDITIONS 
HEADN=08:56:17.  1 1  .STARTING  SCAN  0800  BLOCK 
SSC,08:57:31 

HEADE=09:00:1 4,44, 100,000, 1 .0. 1 3 
ESC09‘1233 

HEADEsOSn 4:1 5,55.90.00. 1 .0. 1 5 
HEADT=09:15:36.666.0903755  2341525 
HEADT=09:15:59.666, 0903755  2341515 
HEADT=09;16:50.600, 0533230  1310530 
FILE  CLOSED=09:17:10,04/13/93 


group 


81  649 i 50202001 


6581 50202001 


1023150202001 


expt 


1000 


1000 


1000 


1000 


Example  Spreadsheet 


behistattno.  vesjrate/obsvifaeh  state 


81 10351 5020200 

1000  ! 

!  1 

KHEI 

1 

4C 

8| 10431 5020200 

1000 

1 

mm 

wm 

1  1 

I  4C 

1105  5020200 


1116  5020200 


1118  5020200 


1124  5020200 


1328  5020200 


1429  5020200 


1851  5020200 


1917 


1933 


1955 


1958 


2036 


2045 


2549 


2642 


2823 


2853 


2900 


3407 


3407 


3622 


3654 


5020200 


5020200 


5020200 


5020200 


5020200 


5020200 


5020200 


5020200 


5020200 1 


1000 


1000 


1000 


1000 


1000 


1000 


1000 


1000 


1020 


1020 


1020 


1020 


1020 


1020 


1020 


1020 


1020 


1020 


1020 


1020 


1020 


5020200 

1020 

5020200 

1020 

5020200 

1020  i 

5020200 

1020 

5030201 

1021 

5020200 

1021 

5020200 

1021 

5020200 

1021 

5020200 

1021 

5020200 

1021 

5020200 

1021 

5020200 

!  1021 

5020200 

1021  i 

5020200 

1021 

5020200 

1021 

50202001 

1021 

5020200 

1021 

5020200 

1021 

5020200 

1021 

405  : 

6 

405 

6 

405  , 

6 

405  ! 

6 

405  i 

6 

vis/beau 


33 


33 


33 


33 


33 


33 


33 


33 


33 


33 


33 


33 


33 


33 


33 


33 


33 


33 


33 


33 


33 


33 


33 


33 


33 


33 


33 


33 


33 


34 


34 


34 


34 


34 


34 


34 


34 
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•  Planned  site 
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^  Shore  station 
22*20'  ■;  100  Depth  contour  (fm) 
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Figure  3-3:  Tracks  of  pods  sighted  from  the  Kalalau  Trail  shore  station  in  1993, 


Figure  3-4:  Pods  tracked  from  the  Princeville  Makai  shore  station  (2/4/93  -2/16/93). 


Figure  3-5:  Tracks  of  pods  sighted  from  the  south  shore  station 
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Figure  3-6:  Percentage  of  time  focal  pods  spent  in  5  behavioral 
states  off  all  north  shore  stations. 
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Figure  3-8:  Percentage  of  time  spent  by  focal  pods  in  5  behavioral 
states  off  the  Kalalau  Trail  shore  station  (2/14/93-4/14/93) 
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Figure  3-10;  Percentage  of  time  focal  pods  spent  in  5 
behavioral  states  off  the  south  shore  station  between 
2/14  /93  and  4/14/93. 


NORTH  &  SOUTH  AERIAL  BEHAVIOR  VS  BEAUFORT  STATE 


jnoH  JOiAeqaa  ihu^Y  oh 


Figure  3-11:  Rates  of  aerial  behaviors  {surface-active  behaviors)  by  Beaufort 
wind  condition  from  the  focal  pod  data  collected  at  all  shore  stations.  Rates 
were  expressed  as  counts  of  aerial  behaviors  ner  hour 


NORTH  SHORE  AERIAL  BEHAVIOR  VS  BEAUFORT  STATE 


jnoH  J^cl  joiAieqag  leuay  on 


Figure  3-12:  Rates  of  aerial  behaviors  (surface-active  behaviors)  by  Beaufort 
wind  condition  from  the  focal  pod  data  collected  from  northern  shore 


•  SOUTH  SHORE  AERIAL  BEHAVIOR  VS  BEAUFORT  STATE 


Figure  3-13:  Rates  of  aerial  behaviors  (surface-active  behaviors)  by  Beaufort 
wind  condition  from  the  focal  pod  data  collected  at  the  south  shore  station. 
Rates  were  exnressed  as  counts  of  aerial  behaviors  ner  hour 
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Figure  3-14:  Surfacing  duration,  number  of  blows  per  surfacing,  and  dive 
duration  for  pods  of  one  adult  (singletons)  at  the  north  (N)  and  south  (S) 
shores  in  three  behavioral  states  (travel,  stationary,  and  surface  active). 

Mean  (horizontal  bar),  ±1  standard  deviation  (vertical  line),  95%  confidence 
limits  (box),  number  of  whales  (bold  number),  and  sample  size  (parentheses) 
are  indicated.  Significance  levels  of  between-shore  comparisons  using 
the  Mann-Whitney  U-test  are  shown  (ns  indicates  difference  not  significant:  * 
indicates  p  <  0.05). 


7 


Figure  3-15:  Surfacing  duration,  number  of  blows  per  surfacing 
and  dive  duration  for  pods  of  two  adults  (pairs)  on  the  north  (N) 
and  south  (S)  shores  in  three  behavioral  states  (travel,  stationary, 
and  surface  active).  Presentation  as  in  Figure  3-14. 


igure  3-1 6a.  dumber  of  whales  sighted  per  hour  from  the  north  and  south  shores  of 
Kauai  by  fortnight  period.  Number  of  scans  Indicated  above  bars. 
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Figure  3- 1 6b.  Number  of  pods  sighted  per  hour  from  the  north  and  south  shores  of 
Kauai  by  fortnight  period.  Number  of  scans  Indicated  above  bars. 
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Figure  3- 1  7a.  Number  of  pods  sighted  per  hour  from  the  north  and  south  shores  of 
Kauai  by  beaufort  sea  state.  Number  of  scans  Indicated  above  bars. 
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Figure  3- 1 7b.  Number  of  whales  sighted  per  hour  from  the  north  and  south  shores  of 
Kauai  by  beaufort  sea  state.  Number  of  scans  Indicated  above  bars. 
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Figure  3-18  Seen  sighting  rates  of  various  humpback  group  types  by  fortnight.  Number  of  scans 
Indicated  above  bars.  The  north  shore  consists  of  pooled  data  from  the  Kalalau  and 
Princevlllle  shore  stations. 
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Figure  3-1 9a.  Number  of  whales  sighted  per  hour  from  the  north  and  south  shores  of 
Kauai  by  time  of  day.  Number  of  scans  Indicated  above  bars. 
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3-1 9b.  Number  of  pods  sighted  per  hour  from  the  north  and  south  shores  of 
Kauai  by  time  of  day:  Number  of  scans  Indicated  above  bars. 
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Figure  3-20.  Number  of  vessels  and  aircraft  sighted  per  scan  from  the  north  and 
south  shores  of  Kauai.  Number  of  scans  indicated  In  parentheses. 


Rgure  3-2 1.  Frequency  of  the  net  orientation  of  pods  at  the  south  and  north  shore  stations. 
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Table  3-2:  Predicted  error  in  theodolite  measurements  of  range  to  whales  from  each  of  the  shore  stations.. 
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Table  3-3:  Summary  of  scan  samples  collected  in  1993. 


Peak  whales/scan 


Table  3-4:  Activity  budget  of  focal  whales  observed  from  sites  on  the  north  and  south  shores. 
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Table  3~5.  Respiration  variables  by  behavioral  categories  ol  rest.  mill,  travel,  stationary,  and  surface  active  singletons. 
Independent  sampled  means  vt/ere  calculated  Irom  the  mean  of  individual  whales  (bold)  lor  the  North  and  South  Shore 
Stations.  Total  number  of  sampled  means  are  shown  in  parentheses.  Between  North  and  South  Shore  signilicance 
levels  from  Mann-Whilney  U-tesI  are  coded  as  follows:  ‘  P  <  0  05  and  ns  =  not  signilicant. _ 


O 

> 

CO 

o 

< 

o 

o 

a 

<0 


>•  cn 
cs 
c 
o 


cn  Z 


<n 


v> 


<n 


z 

o  UJ 


CV  -a-  rj  o 

do  ~ 


o 

A1  .  ^  Ol 

(J3  04  — 


»  «3  '»■  — 

^ ^  p 

^  Q  ^  — 


CO  rw 

^  o  o 


—  CO  in  —I 

.  to  O  ^ 


O  ^  ^ 

.  O  CO  ^ 

o  d  d  ^  — 


I  1  I  «§ 


03  C5  <r3  ^ 

.  CM  tn  o  « 
^  d  d 


11  I  <3  S 


o  o 


9 

O 

•Z 

w 

3 

CO 

"S 

c 

o 


E 

WQ 

C  CO 
Q 
o 


O  _ 


s  S 


fs.  CO  (O  ^ 

•  lO  o  <3  n 
'To  -  - 


to  K5  —  52* 

IT)  C3  ^ 
tn  ^  ^ 


_  <0  <B 

2  “  ’  ~ 


•r-  O  -  =■ 


f^Oa5_  — 
04  ^  o  “1 


04  -  d”- 


I  !  1  oo 


2  -- 
■  ~  o  <o 

C3  _  CM  — 


I  o  S 


3 

a 

«> 

u 


5 

_o 

CQ 

d 

z 


c 

a  Q 
»C0 


o 


O)  CD 

.  : 

«  d  d 


®  S  S  -  s 

rt  d  04  ’-Si 


a  U3  <r  ~ 

z  p  •»  s 

T-  cvi  oj  — 


r>.  TT  o  — 

^  P  o. 

^  <o  A 


CD  S  ^ 

«  CD  -  - 


«  §  c.  S 

CD  ^ 


CO  CM  CO  ^ 

d  P  "  o)  c: 

CM  n  m  — 


^  CO  V  «  S 
CM  d  d  c. 


as  «  n  — 

4^  ^  f***  ^  ^ 

CD  V  ^  O 

CM 


CM  CO  CO 

cd  ®  r 

T-  UD  CO  -* 


^  m  I— 

•  CO  <o  «  a» 

O  •  f>*  o 

CM  CO  C3  *- 


CD  CD  <0 

a  P  ”  Z2 

T-  ■«■  — 


i  I  I  oo 


CD  *“  C>  ^ 

fv  CM  <14  (5“ 


i  I  o  § 


c 

E 


o 


a 


■o  -« 

COT*; 

CO  v?? 

o 


i  !  I  o  a 


uD 
CD^ 

CM  X 


o  ^ 


11  i  o  o 


o  o 


a  .-H 

>  o 

W  m 

O  S 
C  '-'O 
—  C  CO 

>  o 

>  o 

s  e 

CO 


Tf  3>  -1^ 

3  ^  CM  r>  o 

^  d  o 


o  S2  ®  —  ST 

Oi  CM 


^  O  a»  — 

dS  2 


UD  SN  ® 

^  ^  CM  — ' 


Qj  O  rr  . 
UD  ^ 


CO  Q  ^ 

cn  o 


UD  ^ 


.  O  CM  CM  CM 

^  o  o 


^  cn  a  ^  ^ 

.  iO  rr  Q  <D 

d  o  ^ 


—  N.  5-. 

O  o  O  — 


n  Ci 

^  to 

O  H 


O  o 


o  o  — 


O  d  O  "  ^ 


CD 

.  M*  O  o  ® 


!  I 


CO  ^  'O  I-. 
•  O  O  CM  tO 

®  d  o 


o  o 


«  £ 
(t  Ta 

II 


,  CO 


00 
9  6 

o  c 

«  W 

C 

«  I 


I  I 


CS  C 
Kg 

-2  3 

CQ  a 
o  a 
>  .  OT 


^  o 


<b  '=' 
o  c 
cs  a 
•j:  « 
3  E 
OT 


ca 

CO 

c 

Q. 

■o 

05 

03 

c 

05 

_> 

ca 

05 

o 

2 

o 

ca 

03 

O 

r: 

cn 

o 

ca 

r: 

3 

05 

£ 

S 

o 

o 

cn 

(75 

-o 

o 

*0 

c 

c 

ca 

*o 

ca 

o 

S 

x: 

tr 

ca 

c 

o 

05 

2 

o 

2 

2 

ca 

c 

05 

05 

5 

05 

$ 

0) 

(O 

05 

> 

ca 

w 

3 

n 

CD 

—  >  CO  c 

=*  "a  S  -S’ 
c  ^  In 


-Q  CO 
cO  03 

«  s 

>  T3 
C  ® 

O  CL 

”  § 
*-  ca 

CL 


2 

ca 

vw 

T3 

"5 

3 

CO 

c 

05 

*o 

O 

ca 

O 

ca 

03 

O 

o 

E 

05 

u. 

05 

•o 

ca 

03 

05 

$ 

C2. 

05 

05 

e 

c 

ca 

CO 

cn 

3 

03  ;= 

-Cl 

E  > 

3  c  S 
c  c  ^ 

2  ^  ^ 
o  ^ 

H-  E 

c/i  2 

C  “ 

o  03 

■«  ^ 

CD  “ 


CJ>  CNi  K 

^  04  CM  ^  « 
^  CM 


<0  o  C3) 

.  CO  a>  CM  2 
CO  J\j  <0  — 


^03^5  — 

•  ^  2 
__  •  f"  cn 

o  Q  — 


O  O  c\i  — 

.  CO  oj  ex  o 

’“do  ^ 


II  I  <=  £ 


U3?2'C3_—  —  (^0_^ — 

.c:3-<TO>;r  .coa>o>;- 

▼^00  ^<r-0 


_  v-  O)  — ^ 

^  CO  oi  2 

tt  ^  S’ 


CM  CO 

O  M-  <N  “ 
^  cJ  C-  — 


II  I  o  £ 


.  CO  ■«•  2 

CO  ^  d  ^  - 


fs.  r^ 

n  CO  o  CM  2 

CO  Q  cvi  ^ 


^  ^  ®  ^ 
^  CO  -  "-2. 


S  S!  <a  2 

’“  d  d  ”  C. 


cv  ^  -- 

®  ’c  03  d 


<2  ?  S  «3  2 
00 


1  ®  £ 


fn  CO  <M  — 

'^.03  1-^  0,  5; 

i»%j  •  ^  CO 

CM  o  o  ^ 


«  S  S 


i  I  I  o  o 


^  CO  r’-  o  CD 
^  1"  CO 

to  CO  ^ 


CO  ^  ^ 

.  to  OJ  - 

CM  Q  o  ’-  £ 


9  S  -a  S 
C^  -  o  ”  c 


^  —  cn  — 


03 

o 

<0 

t:  -- 
3  c 

^  e 

”  c  S 

o  S 

1  E 


OQ  ^ 
^  at 


O 

iS  C  c 


°  Sq  o  _ 

C  c°  ^ 

—  <0  g 
«  « 

Q 


cl 

1-2^0 

CD  -a.  g  g  =  = 

m  o  ^ 

5^  <3> 


Surface-Dive  Blow  Rate  ns 

mean  (no.  blows/mln)  0.4  0.5  0.6  0.3  0.7 

SD  -  0.21  0.27  0.27  -  0.08  0.31 

95%CL  0  17  0.10  0.13  0  23  0.10 


Table  3-7:  Minimum  number  of  sightings  of  pods  out  to  8  km  during  all  observation  hours. 


Table  3-8:  Summary  of  net  swim  speeds  and  linearity  indices. 


Pod  Type 

Sample  Size 

Mean  Speed 
(sd)  in  km/hr 

Mean  Linearity 
Index  (0  =  mill, 

1  =  straight) 

1  Adult 

55 

5.3  (3.49) 

0.81 

2  Adults 

84 

4.8  (2.73) 

0.78 

>  2  Adults 

44 

4.8  (2.28) 

0.77 

Pod  with  calf 

10 

2.3  (1.45)  . 
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INTRODUCTION 


As  in  1993,  the  primary  goals  of  shore-based  visual  observations  during  1994 
were  to  (1)  determine  baseline  behavior  patterns  of  humpback  whales  before  ATQC 
transmissions,  and  (2)  assess  the  distribution  and  sighting  frequency  of  humpback 
whales  and  other  marine  mammals  and  sea  turtles  near  the  shore  station.  Shore-based 
observations  were  conducted  from  two  stations  located  on  the  north  shore  of  Kauai. 
Behavioral  data  collected  during  1993  and  1994  will  be  used  as  a  baseline  comparison 
for  behavioral  data  collected  during  ATOC  transmissions.  In  1993  and  1994, 
observations  consisted  of  three  types  of  data:  (1)  focal  behavior  sampling  of  humpback 
whales,  (2)  scan  sampling  to  measure  the  relative  numbers  of  humpback  whales,  other 
marine  mammals,  and  sea  turtles  within  view  of  the  shore  stations,  and  (3) 
opportunistic  tracking  of  non-focal  humpback  whale  pods  and  other  marine  mammals. 

METHODS 

Study  Area  and  Observation  Dates 

The  two  observation  stations  used  in  1994,  Princevilie  (Site  11)  and  Kalalau 
(Site  15),  were  also  used  in  1993.  These  stations  were  located  approximately  10  km 
apart.  Both  stations  were  selected  based  on  proximity  to  the  proposed  ATOC  source 
location,  cliff  height,  and  range  of  view.  Both  stations  were  located  within  the  projected 
120  dB  isopleth  (for  waters  <500  m  deep)  of  the  ATOC  source.  The  easternmost 
observation  station,  Princevilie,  was  located  immediately  east  of  the  Princevilie  Makai 
Golf  Course  at  the  end  of  Punahele  Road  at  22'’13’47"  N,  159‘’29’13"  W  at  a  height  of 
47.2  m.  The  Kalalau  observation  station  was  located  along  a  foot  trail  approximately  1 
km  west  of  the  Kalalau  traiihead  at  22'’13’04"  N,  159®35’13"  W  on  a  rock  cliff  at  a 
height  of  139.8  m. 

Station  heights  were  determined  with  a  "Total  Station"  electronic  theodolite 
equipped  with  an  electronic  distance  meter  (EDM).  The  EDM  projected  an  infra-red 
laser  beam  to  an  EDM  reflector  mounted  on  a  standard  hand-held  stadia  rod.  The  stadia 
rod  was  placed  at  the  shore  station  and  the  theodolite  was  set  up  at  sea  level  or  vice 
versa.  The  crosshair  within  the  theodolite  eyepiece  was  aligned  with  the  EDM  stadia  rod 
reflector,  and  the  laser  beam  was  reflected  back  to  the  theodolite.  An  internal  computer 
inside  the  theodolite  calculated  the  shore  station  height  based  on  the  vertical  angle. 

Marine  mammals  were  tracked  (by  theodolite)  within  10  km  of  the  shore  station. 
Focal  behavior  observations  were  conducted  out  to  7  km,  depending  on  observation 
conditions.  Specific  scan  areas  are  described  later. 


Shore-based  observations  were  conducted  between  13  January  and  15  April 
1994.  At  the  Princeville  station,  observations  were  conducted  between  13  January  and 
15  April  for  a  total  of  55  days.  At  the  Kalalau  staton,  observations  were  conducted 
between  30  January  and  15  April  for  a  total  of  45  days. 

Apparatuses 

A  surveyor's  theodolite  (30-power  magnification)  was  used  to  track  pod  and 
vessel  positions  as  described  by  Tyack  (1981)  and  Wursig  et  al.  (1991).  A 
Lietz/Sokkisha  theodolite  model  DT5  (10-second  precision)  was  used  at  the  Princeville 
station,  and  a  DT5A  model  (5-second  precision)  was  used  at  the  Kalalau  station.  The 
theodolite  measured  horizontal  and  vertical  angles  of  target  locations  in  degrees, 
minutes,  and  seconds.  Horizontal  angles  were  referenced  to  magnetic  north  with  a 
relative  angle  set  consistently  on  a  charted  landmark.  Vertical  angles  were  referenced  to 
the  gravity-based  leveling  device  on  the  theodolite.  Subsequent  analysis  converted  these 
angles  to  Cartesian  coordinates  for  calculation  of  speed,  direction  of  travel,  and 
separation  distance  of  whales  and  vessels.  Conversion  of  angles  included  corrections  for 
curvature  of  the  earth  and  theodolite  height,  the  latter  which  was  measured  each  day 
from  a  set  ground-marker.  Since  the  fluctuation  in  tidal  height  off  the  Hawaiian  coast  is 
less  than  30  cm,  the  minimal  resultant  error  was  ignored  (Bauer  1986).  Theodolite- 
measured  target  positions  (fixes)  were  taken  when  the  cross-hairs  within  the  scope 
were  placed  at  the  waterline  of  the  target.  To  control  for  error,  the  horizontal  and  - 
vertical  reference  points  were  checked  approximately  every  15  min  and  were  reset  if 
out  of  vertical  balance  by  greater  than  40  sec. 

Fujinon  (7  X  50),  Steiner  (15  X  80),  or  "big  eye"  (25  X  150)  binoculars  were 
used  to  observe  whales.  These  binoculars  were  equipped  with  reticles  and  an  internal 
compass  or  an  external,  daily-calibrated  compass  rose.  Number  of  reticles  was  used  to 
gauge  distance  of  whales  from  the  shore  station  by  aligning  the  top  reticle  with  the 
horizon  and  counting  the  number  of  reticles  (hash  marks)  down  from  the  horizon  to  the 
target  (Dalheim  et  al.  1992).  Reticles  were  converted  to  distance  based  on  a  formula 
incorporating  known  height  of  observation  platform  and  associated  distance  to  the 
horizon  (pars,  com.,  T.  Gerrodette,  Southwest  Fisheries  Center,  National  Marine 
Fisheries  Service,  La  Jolla,  California,  April  1994).  The  formula  was  calibrated  once 
from  the  Kalalau  station  by  taking  simultaneous  theodolite  and  binocular  (all  three 
models)  reticle  readings  of  various  locations  of  a  dedicated  boat  that  simultaneously  took 
GPS  positions.  The  formula  was  calibrated  three  other  times  by  taking  simultaneous 
theodolite  and  binocular  reticle  readings  of  various  marks  on  a  stadia  rod.  A  time-event 


recorder  (computer)  (Tandy  TRS-102  computer  equipped  with  a  Booster  Pack)  was 
interfaced  with  each  shore  station's  theodolite  to  record  theodolite  fixes.  The  computers 
were  also  used  to  record  identification  and  behavior  codes.  Ail  computer  entries  were 
automatically  assigned  real-time  flags. 

Data  Collection 

Shore-based  observations  were  attempted  every  day  but  were  dependent  on 
weather  conditions.  Both  stations  followed  an  extensively  developed  observation  and 
tracking  protocol  (Appendices  A-H)  and  occasionally  interchanged  personnel  to  ensure 
consistent  observation  procedures.  The  observation  crew  usually  consisted  of  four 
people:  (1)  a  primary  behavioral  observer,  (2)  a  theodolite  operator,  (3)  a  computer 
operator,  and  (4)  a  note-taker.  When  only  three  people  were  available,  the  computer 
operator  also  served  as  the  note-taker. 

Environmental  conditions  were  recorded  and  updated  every  hour  or  sooner  if 
conditions  changed.  The  following  variables  were  recorded  based  on  their  occurrence 
within  the  viewing  area  (see  Appendices  A  and  B  for  definitions):  Beaufort,  visibility 
(sightability),  swell  height  (estimated),  and  glare.  Observations  were  conducted 
primarily  during  a  Beaufort  and  sightablity  of  4  or  less  (wind  speed  <  32  km/hr  and 
fairly  frequent  whitecaps)  to  obtain  detailed  behavioral  observations.  However, 
observations  were  occasionally  continued  through  a  Beaufort  5  when  whales  could  be 
observed  and  tracked  reliably  (e.g.,  when  they  were  close  to  shore).  Observations  were 
generally  terminated  during  a  Beaufort  or  sightability  code  >  5,  or  during  other 
precluding  conditions  (e.g.,  rain,  high  winds). 

Focal  Behavior  Sampling 

Focal  sampling  was  used  to  record  humpback  whale  behavior.  In  this  type  of 
sampling,  all  behaviors  of  one  pod  were  recorded  for  as  long  as  possible  based  on  an 
ethogram  (Altmann  1974,  Appendices  C  and  D).  Two  or  animals  swimming  together 
were  defined  as  the  same  pod  if  they  were  within  five  body  lengths  of  each  other  and 
exhibited  synchrony  in  behaviors  such  as  respiration,  surfacing,  and  diving  (Wursig  et 
al.  1984).  A  single  animal  was  also  referred  to  as  a  pod.  All  non-calf  whales  were 
termed  'adults'  since  it  was  not  possible  to  consistently  differentiate  subadults  from 
adults.  If  whales  were  individually  distinguishable  (e.g.,  cow  (mom),  calf  and  escort,  or 
two  uniquely  scarred  or  pigmented  adults)  then  the  behaviors  were  described  separately 
for  each  individual.  However,  this  was  generally  not  possible  with  the  exception  of  cow 
and  calf  pods. 


Selection  of  a  focal  pod  was  not  random  but  was  deliberately  biased  toward  small 
pods,  pods  containing  calves,  and  pods  close  to  the  shore  station.  This  facilitated  the 
collection  of  accurate  behavioral  data,  particularly  respiration  rate,  which  is  regarded 
as  an  important  index  of  disturbance  (Bauer  1986,  Baker  and  Herman  1989, 
Richardson  et  al.  1991a).  Moreover,  small  pods,  especially  those  containing  a  calf, 
display  more  behavioral  responses  to  disturbance  than  do  larger  pods  (Bauer  1986). 
The  primary  observer  used  either  the  7  X  50,  15  X  80,  or  big  eye  binoculars  to 
determine  whale  behaviors.  The  selection  of  a  binocular  model  was  dependendent  on  the 
proximity  of  the  focal  pod  and  associated  range  of  view. 

Focal  pod  behaviors  were  recorded  up  to  7  km  from  shore,  dependent  on  sighting 
conditions.  These  behaviors  included  behavioral  events  and  states  (Altmann  1974)  that 
were  classified  according  to  a  behavioral  ethogram  (Appendices  C  and  D)  modified  from 
Baker  et  al.  1982,  Wursig  et  al.  1984,  Bauer  1986,  Richardson  1991,  and  Kieckhefer 
1992.  Specific  behavioral  events,  states,  and  associated  information  were  dictated  by 
the  primary  behavioral  observer  and  entered  into  the  computer  by  the  computer 
operator  as  1-3  alphanumeric  codes.  The  note-taker  manually  recorded  any  notes  which 
were  necessary  to  describe  events  or  highlight  changes  to  be  applied  to  the  data  during 
the  later  editing  phase. 

Focal  pod  sessions  were  continued  for  as  long  as  possible  until  (1)  a  pod  passed 
beyond  reliable  view  (approximately  5-8  km),  (2)  a  pod  was  lost  from  view  (e.g., 
obstructed  by  tree,  not  sighted  for  >  40  min),  (3)  behaviors  and/or  respirations  could 
no  longer  be  observed  reliably  due  to  degradation  of  environmental  conditions  (e.g.,  poor 
sightability,  Beaufort  >  5),  (4)  identification  became  confused  with  other  pods,  (5)  a 
pod  affiliated  or  disaffiliated,  or  (6)  a  pod  was  reliably  passed  off  to  the  other  shore 
station's  behavioral  observer  (this  occurred  once). 

Each  focal  pod  session  was  assigned  a  rating  code  to  refiect  the  behavioral 
observer’s  confidence  in  the  data  being  collected  (Appendix  A).  Rating  codes  ranged  from 
1  (excellent  respiration  and  behavioral  data)  to  5  (theodolite  tracking  only  due  to 
inability  to  reliably  discern  blows  and  behaviors).  However,  theodolite  tracking  of  focal 
pods  often  continued  beyond  the  end  of  the  behavioral  observations. 

An  attempt  was  made  to  fix  focal  pods  with  the  theodolite  at  least  once  per  surface 
duration  (as  defined  in  Appendix  E),  or  whenever  a  change  in  heading  or  speed  occurred. 
The  minimum  time  period  between  fixes  of  a  linear-moving  pod  was  60  seconds  to 
minimize  the  possibility  of  obtaining  invalid  calculations  of  speed  and/or  direction  as  a 
result  of  increased  theodolite  and/or  observer  error  al  greater  distances  (Bauer  1986). 


Pods  and  vessels  were  assigned  identification  numbers.  When  pod  composition 
changed  during  an  affiiiation  or  disaffiliation,  the  pod  was  assigned  a  new  identification 
number  and  was  treated  as  a  different  pod  with  respect  to  behavioral  observations. 
Selection  of  the  new  focal  pod  was  noted  manually  by  the  note-taker  and  entered  into  the 
computer. 

Vessels  were  tracked  by  theodolite  at  ail  times,  whales  present  or  not,  to 
establish  baseline  information  on  occurrence  of  whales  relative  to  occurrence  of  vessels, 
and  to  describe  general  use  of  the  study  area  by  various  vessel  types.  All  vessels  <1 0  km 
from  the  shore  station  were  tracked  with  the  theodoiite,  especially  as  they  left  or 
entered  the  study  area.  The  following  vessel  descriptions  were  recorded  as  possible: 
estimated  length,  type  (fishing,  diving,  whalewatching,  etc.),  engine  size/type  (inboard, 
inboard/outboard  or  outboard,  twin-engine,  etc.),  name  or  vessel  registration  number, 
color,  and  general  descriptions  that  helped  to  differentiate  vessels.  Large  vessels  (>  20 
m)  were  tracked  out  to  the  horizon  because  their  underwater  sounds  propagate  farther. 
Other  studies  indicate  that  humpback  whales  appear  to  react  to  cruise  ships  up  to  8  km 
away  (Baker  and  Herman  1989).  However,  since  the  theoretical  accuracy  of  the 
theodolite  declines  rapidly  at  distances  >  10  km,  vessel  positions  near  the  horizon  were 
considered  useful  for  general  location  only. 

An  attempt  was  made  to  fix  each  vessel  (stationary  or  moving)  a  minimum  of 
three  times  as  it  passed  the  shore  station.  Fixes  were  also  attempted  when  a  vessel 
changed  orientation  or  speed,  with  priority  given  to  those  vessels  closest  to  the  focal  pod, 
particularly  when  within  1  km  of  the  pod.  In  the  latter  case,  vessel  fixes  were 
attempted  each  time  the  focal  pod  was  fixed.  In  addition,  vessel  changes  in  speed  or 
orientation  (Appendices  C  and  F)  were  recorded  and  encoded  into  the  computer  for  those 
vessels  <  1  km  from  the  focal  pod.  Closest  point  of  approach  (CPA)  of  vessels 
approaching  within  1  km  of  the  focal  pod  were  estimated  and  noted,  and  both  pods  and 
vessels  were  fixed  with  the  theodolite  at  this  time  when  possible. 

Non-focal  pods  were  cbsen/ed  and  tracked  opportunistically  with  the  theodolite 
up  to  to  km  from  the  shore  station,  although  detailed  behavioral  observations  were  not 
collected.  The  primary  information  gathered  on  non-focal  pods  was  (1)  location,  (2) 
speed  and  orientation,  and  (3)  general  behavioral  state  (Appendix  D).  The  theodolite 
operator  attempted  to  fix  non-focal  pods  once  per  surface  duration,  or  at  least  when  an 
obvious  change  in  speed  or  direction  occurred.  Effort  was  concentrated  on  monitoring 
pods  as  closely  as  possible  to  avoid  confusing  them.  However,  this  was  not  always 
possible  during  periods  when  many  pods  were  in  the  area,  particularly  when  whales 


were  affiliating  and  disaffiliating.  Only  those  pods  that  could  be  tracked  reliably  were 
given  pod  numbers  and  notes  were  taken  to  indicate  potential  repeat  sightings. 

in  addition  to  humpback  whales,  opportunistic  sightings  of  all  other  marine 
mammals  and  sea  turtles  were  recorded  and/or  fixed  with  the  theodolite. 

Scan  Sampling 

Scan  sampling  (Altmann  1974,  Bauer  1986,  Helweg  1989,  Smultea  1991)  was 
used  to  document  sighting  rates  of  marine  mammals,  vessels,  aircraft,  and  sea  turtles. 
Scan  sampling  was  conducted  opportunistically  within  a  pre-determined  distance  and 
duration.  They  were  designed  to  determine  (1)  relative  sighting  frequency  of  pods  of 
particular  composition  and  size,  (2)  surface  active  rates  of  pods,  and  (3)  orientations 
of  pods,  within  and  between  shore  stations  based  on  year,  time  of  season,  time  of  day, 
Beaufort,  and  sightability. 

Each  observation  day  began  with  a  scan  sample.  Subsequent  scans  were 
interspersed  between  focal  sessions:  thus,  they  did  not  begin  precisely  at  the  same  times 
each  day.  Scans  for  marine  mammals  were  15-min  in  duration  and  were  separated  by  at 
least  one  hour  to  minimize  recounting  the  same  individuals.  Studies  suggest  that 
humpbacks  are  transient  in  Hawaii,  predominantly  traveling  in  apparent  local 
migratory  movement  at  a  mean  speed  of  4-5  km/hr  (Herman  and  Antinoja  1977;  Baker 
and  Herman  1981;  Darling  et  al.  1983;  Bauer  1986;  Smultea  et  al.  1993,  1994). 
Thus,  scans  were  conducted  at  intervals  assumed  to  be  sufficient  for  most  whales  to  move 
out  of  the  scan  arena. 

To  maximize  detection  of  whales  in  a  short  period  of  time,  the  scan  area  was 
divided  into  a  'nearshore'  and  an  'offshore'  zone.  Zones  were  scanned  simultaneously  by 
two  different  observers  (one  observer  per  zone).  Observers  did  not  alert  one  another 
about  the  presence  of  whales  outside  of  their  designated  zone  during  the  scan. 
Information  on  pods  missed  by  the  designated  scan  observers  was  discretely  noted  and 
transferred  to  the  scan  data  sheet  at  the  end  of  the  scan  by  the  notetaker. 

The  nearshore  observer  scanned  from  shore  out  to  the  approximate  100-fathom 
contour,  since  studies  indicate  that  humpback  whales  prefer  waters  within  this  isobath 
(Herman  et  al.  1980,  Forsyth  et  al.  1991,  Mobley  et  al.  1994).  This  was  a  radius  of  4 
km  at  the  Princeville  shore  station  and  7  km  at  the  Kalaiau  shore  station.  The  nearshore 
observer  scanned  using  multiple,  lefl-to-right  search  patterns,  alternating  each  sweep 
between  the  naked  eye  and  7X10  binoculars. 

The  offshore  scan  was  designed  to  monitor  any  marine  mammals,  particularly 
deep-diving  species  (e.g.,  pilot  whale,  sperm  whale)  within  the  projected  130  dB 


isopleth  (at  depths  >  500  m)  of  the  ATOC  source.  This  isopleth  encompassed  the  region 
within  a  10-km  radius  of  the  source.  For  purposes  of  the  offshore  scan,  this  region  was 
converted  to  an  arc  bisected  by  the  source  and  originating  at  the  shore  station.  The  arc 
was  judged  to  allow  maximal  coverage  of  the  10-km  radius  area  centered  on  the  source, 
but  was  small  enough  to  allow  multiple,  left-to-right  search  sweeps  during  the  15-min 
period.  The  offshore  observer  scanned  from  the  approximate  100-fathom  isobath  to  the 
horizon  within  the  designated  arc.  At  Princeville,  the  observer  scanned  a  64*  arc 
(282*  to  346*  magnetic  N)  from  4  km  to  the  horizon.  At  Kalalau,  the  observer 
scanned  a  69*  arc  (320*  to  029*  magnetic  N)  from  7  km  to  the  horizon.  The  offshore 
scan  areas  of  the  two  shore  stations  partially  overlapped  as  they  were  both  focused  over 
the  source. 

Scan  samples  were  preceded  by  a  scan  for  vessels.  The  vessel  scan  was 
performed  by  the  theodolite  operator  who  fixed  ail  vessels  within  10  km  of  the  shore 
station.  During  this  time,  the  primary  observer  scanned  for  turtles  for  2  min  duration 
in  waters  <  500  m  from  shore.  The  15-min  whale  scan  then  followed  the  vessel  scan. 
All  aircraft  passing  directly  in  front  of  the  shore  station  within  5  km  of  shore  at  <  2000 
ft  altitude  during  the  15-min  whale  scan  were  also  recorded. 

When  an  observer  sighted  a  pod  during  a  scan,  the  binocular  reticle  and  bearing 
location  of  the  pod  were  dictated  to  the  note-taker.  The  observer  continued  to  monitor 
the  pod  through  the  binoculars  for  at  least  one  surface  duration  to  determine:  (1) 
species,  (2)  pod  size  and  composition,  (3)  orientation,  and  (4)  presence/absence  of 
surface  activity.  The  observer  also  directed  the  theodolite  operator  to  the  pod  location. 
The  theodolite  operator  then  attempted  to  fix  and  follow  the  pod  to  confirm  species, 
size/composition,  and  orientation.  'The  theodolite  operator  continued  to  fix  pods 
previously  sighted  by  the  observers,  but  not  new  pods,  which  might  alert  observers. 
When  necessary,  a  10-min  period  after  completion  of  the  15-min  scan  was  used  to 
verify  pod  compositions  or  obtain  a  theodolite  fix.  Beaufort  and  sightablity  were  noted 
separately  for  nearshore  and  offshore  zones  based  on  conditions  in  the  majority  of  each 
zone.  If  environmental  conditions  varied  within  each  zone,  conditions  were  described  by 
subsections  of  each  zone. 


DATA  ANALYSIS 

Present  analysis  of  1994  data  collected  during  shore-based  observations  is 
limited  to  summaries  of  effort  and  preliminary  results  of  scan  data.  However,  a 
description  of  all  behavioral  variables  collected  is  provided,  including  the  proposed 


approach  to  analyses  of  these  data.  Further  results  of  analyses  and  a  discussion  section 
will  be  provided  in  the  final  report. 

Data  Reduction 

The  following  dependent  measures  were  collected  during  shore-based 
observations  in  1994  and  1993  to  determine  baseline  behavior  of  humpback  whales  and 
to  assess  potential  effects  of  vessel  and  aircraft  presence.  The  same  measures  will  be 
used  for  periods  before,  during,  and  after  ATOC  transmissions.  The  general  dependent 
variables  included;  (1)  five  indices  of  respiration  (see  Appendix  B)  (Wursig  et  al. 
1984,  Kieckhefer  1992),  (2)  various  speed  and  orientation  measurements  (described 
later),  and  (3)  scan  sighting  rates.  The  independent  variables  included  (1)  pod 
size/composition,  (2)  potential  disturbance  (occurrence  of  non-focal  pods,  vessel  or 
aircraft  presence/absence  and  related  measures  such  as  CPA  and  vessel-pod  and  pod-pod 
separation  distance),  (4)  behavioral  state.  (5)  date,  (6)  time  of  day,  (7)  Beaufort,  and 
(8)  sightability.  These  variables  are  described  in  more  detail  in  the  following 
paragraphs. 

Results  were  considered  significant  for  all  p  <  0.05  and  marginally  significant 
for  0.05  <  p  <  0.10  (Richardson  et  al.  1991b).  Results  termed  not  significant  or 
marginally  significant  at  this  time  should  not  be  interpreted  as  “no  effect",  as  sample 
sizes  may  not  have  been  adequate  to  determine  effect/no  effect.  The  power  of  the  tests 
and  minimum  sample  sizes  required  to  conclude  significance  or  non-significance  will  be 
included  in  the  final  report. 

The  following  parameters  will  be  calculated  to  describe  the  tracks  of  whales 
(Malme  et  al.  1983,  Smultea  et  al.  1994):  net  speed,  cumulative  speed,  milling 
(linearity)  index,  net  orientation  (course  bearing),  and  reorientation  rate.  Net  speed  is 
calculated  as  the  distance  between  the  first  and  last  positions  of  a  series  of  theodolite 
fixes,  divided  by  the  difference  in  time  elapsed  between  the  first  and  last  fixes. 
Cumulative  (average)  speed  is  calculated  by  summing  the  total  length  of  the  tracks  from 
one  surfacing  to  the  next  and  dividing  this  length  by  the  sum  of  times  between  fixes.  A 
linearity  index  is  used  to  measure  changes  in  orientation  (e.g.,  directness  or  linearity  of 
the  route  taken  by  a  pod  from  one  point  to  the  next).  This  measure  is  calculated  by 
dividing  the  net  speed  by  the  cumulative  speed.  The  linearity  index  ranges  from  0 
(indicating  a  random  path)  to  1  (indicating  a  linear  path).  Net  orientation  denotes  the 
bearing  in  degrees  of  a  pod's  overall  track  based  on  the  angle  between  the  first  and  the 
last  positions  of  a  pod.  Reorientation  rate  is  calculated  by  dividing  the  sum  of  the 


absolute  changes  in  orientation  (in  degrees)  between  consecutive  fixes  by  the  total 
observation  time. 

A  chi-square  test  will  be  used  to  determine  frequency  of  orientation  based  on 
magnetic  orientation  categories  of  45-degree  intervals  (Zar  1984;  Smultea  et  al.  1993, 
1994).  Analyses  of  the  above  parameters  will  be  limited  to  focal  and  non-focal  pod 
tracks  meeting  the  following  conditions:  (1)  a  minimum  of  three  theodolite  fixes 
separated  by  at  least  45  seconds  of  time,  (2)  a  swell  height  less  than  or  equal  to  3  m, 
and  (3)  occurring  within  10  km  of  the  shore  station. 

For  scan  data,  the  dependent  variable  was  the  scan  sighting  rate.  This  was 
expressed  either  as  the  number  of  sightings  per  scan  or  the  number  of  sightings  per 
km2  ("density").  The  latter  density  index  facilitated  comparisons  between  the  two  shore 
stations  and  with  1993  data,  as  scan  arenas  differed  in  size  due  to  differences  in  station 
elevation,  associated  range  of  view,  and  proximity  of  the  100-fathom  isobath.  The 
density  index  was  obtained  by  dividing  the  total  number  of  sightings  during  a  15-min 
scan  by  the  size  of  the  scan  area  in  km^.  The  nearshore  scan  area  encompassed  26.40 
km2  at  the  Princeville  station  and  77.85  km^  at  the  Kalalau  station. 

As  pod  size  sometimes  may  have  been  underestimated,  scan  sighting  rates  were 
expressed  both  as  the  number  of  pods  or  the  number  of  individual  whales  sighted  per 
scan  (or  per  km^).  This  was  because  scan  observers  indicated  a  minimum  number  of 
whales  on  some  pods  of  1  or  2  animals  if  pod  composition  could  not  be  confirmed.  The 
primary  goal  of  scans  was  to  determine  relative-not  absolute--  measures  of  density, 
as  no  correction  factor  was  available  for  distribution  or  sightability  of  whales  as  a 
function  of  distance  from  shore  because  (1)  the  aerial  survey  plane  did  not  expend 
adequate  effort  within  the  scan  arena  to  develop  a  correction  factor,  and  (2)  vessei 
transects  were  not  conducted. 

Independent  variables  for  scans  included  pod  size/composition,  Beaufort, 
sightability,  fortnight  of  the  year  (two-week  periods  based  on  the  Juiian  calendar;  Table 
1),  time  of  day  (by  4-hr  period),  and  cbservaticn  site.  Data  were  pooled  into  fortnight 
and  4-hr  periods  to  increase  cell  sizes  and  test  power.  The  three,  4-hr  periods 
encompassed  any  scans  which  began  within  the  following  blocks  of  time:  morning 
(06:00  to  09:59),  midday  (10:00  to  13:59,)  or  afternoon  (14:00  to  17:59). 
Relatively  few  scans  were  conducted  during  afternoon  periods  because  trade  winds 
generally  increased  to  Beaufort  >  5  at  this  time. 

Distribution  of  scan  sighting  rates  was  positively  skewed.  Various 
transformations  of  data  were  attempted  (e.g.,  arcsin,  log,  etc.)  but  did  not  better 
approximate  a  normal  distribution.  Thus,  parametric  tests  (Mann-Whitney  U  and 


Kruskal-Wailis)  were  used  to  examine  scan  sighting  rates  for  one  and  two-factor 
analyses.  Multivariate  tests  were  conducted  using  parametric  multivariate  analysis  of 
variance  which  are  generally  considered  robust  regarding  unequal  variance  and 
distribution  of  means  (Zar  1984).  Summary  statistics  were  calculated  for  vessel  and 
aircraft  sighting  rates  during  nearshore  scans. 

It  is  probable  that  some  of  the  same  whales  were  sighted  repeatedly  between 
years,  days,  occasionally  between  scans,  and  to  an  undetermined  extent  between  stations. 
However,  since  the  goal  of  scans  was  to  assess  relative  sighting  rates  within  and  between 
shore  stations,  and  because  consecutive  scans  were  separated  by  at  least  one  hour, 
independence  of  sightings  was  not  considered  a  bias.  Moreover,  if  would  be  impossible 
to  correct  for  repeat  sightings  given  the  limited  existing  resources  and  information. 
However,  we  assumed  that  repeat  sightings  were  low  based  on  the  following:  (1)  within- 
season  resight  rates  of  individual  whales  photoidentified  near  the  south,  west,  and  north 
shores  of  Kauai  suggest  that  most  individuals  do  not  remain  in  the  same  area  for  more 
than  a  few  days  (Cerchio  1994);  (2)  whales  near  the  shore  stations  in  1993  traveled 
along  the  coastline  at  a  mean  speed  of  4-5  km/hr  (Smultea  et  al.  1993,  1994)  which 
moved  them  out  of  the  nearshore  scan  zone  between  scans;  (3)  mean  swim  speeds  and 
orientations  of  pods  in  1993  (Smultea  et  al.  1993,  1994)  demonstrated  that  less  than 
one-half  of  the  whales  passed  into  the  other  station's  scan  arena  in  about  2  hr. 

RESULTS 

A  summary  of  effort,  including  the  total  number  of  station  hours,  focal  pods,  scan 
sightings,  and  opportunistic  sightings  are  presented  in  Tables  2,  3  and  4.  A  total  of 

544.9  hr  of  observation  were  spent  at  all  shore  stations:  323  hr  at  the  Princeville  and 

221.9  hr  at  the  Kalalau  station.  Approximately  one-third  of  all  available  effort  days 
were  "bad  weather"  days  when  observations  could  not  be  conducted  due  to  rain  or  high 
wind/Beaufort  conditions.  These  included  a  stretch  of  16  days  from  11  to  26  March 
during  persistent  stormy  weather.  As  in  1993,  weather  days  occurred  more  frequently 
in  March  and  April  than  in  February.  Study  results  are  presented  separately  for  focal 
pod  sessions  and  scan  sampies. 

Focal  Behavior  Sampling 

A  total  of  226  focal  pods  were  tracked  from  the  two  shore  stations  (Table  2).  The 
mean  duration  of  a  focal  session  was  slightly  longer  at  Kalalau  (mean  =  0.78  hr)  than  at 
Princeville  (mean  =  0.73  hr).  Most  (44%)  of  the  133  focal  pod  samples  at  Princeville 
were  pods  of  two  adults,  followed  by  one  adult  (28%),  more  than  two  adults  (14%),  and 


pods  with  a  calf  (14%)  (Table  2).  The  relative  proportions  at  Kalalau  were  similar; 
pods  of  two  adults  (41%),  one  adult  (27%),  more  than  two  adults  (12%),  and  pods  with 
a  calf  (20%)  (Table  2). 

Scan  Sampling 

Nearshore  Scans 

A  total  of  126  nearshore  scans  were  conducted  from  the  Princeviile  station  and 
119  from  the  Kalalau  station  (Table  3).  There  were  302  humpbacks  in  187  pods 
sighted  from  Princeviile  and  621  humpbacks  in  342  pods  sighted  from  Kalalau.  Effort 
was  limited  to  Princeviile  until  30  January  due  to  logistical  constraints  at  the  beginning 
of  the  season.  Only  one  valid  scan  was  conducted  during  fortnight  six  (12-25  March) 
at  either  station  when  16  days  of  stormy  weather  precluded  observations. 

Analysis  of  nearshore  scan  sighting  rates  was  limited  to  scan  conditions  of  a 
Beaufort/sightability  <  5,  since  scan  sighting  rates  generally  declined  during  Beaufort 
or  sightability  conditions  >  5  (Figs.  1-4,  Table  5).  Eliminating  these  conditions  at 
Kalalau  reduced  the  variance  of  sighting  rate  due  to  degraded  observation  conditions;  yet 
there  were  still  significantly  fewer  sightings  from  Princeviile  during  Beaufort  and 
sightability  4  compared  to  2  (Figs.  1  and  2,  Table  5).  However,  there  appeared  to  be  no 
significant  relationship  between  Beaufort  or  sightability  and  other  variables  of  interest 
including  fortnight  of  the  year  and  time  of  day  at  either  Princeviile  or  Kalalau  (Table 
5). 


Comparisons  Betwen  Shore  Stations 

Overall  sighting  rates,  expressed  as  the  number  of  pods  (or  whales)  sighted  per 
scan,  were  significantly  greater  at  Kalalau  than  at  Princeviile  (U'  =  10,507  and 
10,752,  respectively,  p  =  0.0001)  (Fig.  5).  However,  this  was  probably  due  to  the 
larger  area  scanned  at  Kalalau.  When  sighting  rates  were  corrected  for  size  of  scan  zone 
and  converted  to  a  "density"  index,  there  was  no  significant  difference  in  the  number  of 
pods  or  whales  sighted  per  km^  by  station  location  (U'  =  6,021  and  5,833, 
respectively,  p  =  0.15  and  0.33)  (Fig.  6).  However,  there  was  a  significant 
relationship  between  stations  and  sightability  for  the  number  of  whales  sighted  per  km^ 
(F  =  4.14,  p  =  0.017);  the  relationship  was  marginally  significant  for  the  number  of 
pods  sighted  per  km^  (F  =>  2.87,  p  =  0.059). 

No  significant  relationship  was  apparent  between  stations  and  Beaufort  number 
based  on  the  number  of  pods  or  whales  sighted  per  km^  (F  =  0.80  and  1.22, 
respectively,  p  =  0.45  and  0.30).  There  was  no  significant  relationship  between 


stations  and  fortnight  based  on  the  number  of  pods  or  whales  sighted  per  km2  {F  =  0.30 
and  0.72,  respectively,  p  =  0.88  and  0.58).  Nor  was  there  a  significant  relationship 
between  station  and  4-hr  period  (F  =  1.89  and  2.31  for  pods  and  whales/km^, 
respectively,  p  =  0.15  and  0.10).  Further  analyses  were  Invalid  for  relationships 
between  sightability,  station,  and  fortnight  or  4-hr  period  due  to  insufficient  sample 
sizes  resulting  in  empty  cells. 

Comparisons  Within  Each  Shore  Station 

Results  of  each  station  tested  independently  indicated  that  sighting  rates  of  pods 
and  whales  varied  across  fortnights.  Peaks  occurred  from  12  February  to  11  March  at 
Princeville  and  from  29  January  to  25  February  at  Kalalau  (Fig.  6).  These  differences 
were  not  significant  for  the  number  of  pods  or  whales  sighted  per  km^  at  Princeville, 
but  were  at  least  marginally  significant  at  Kalalau  (Table  5).  The  only  significant 
relationship  between  sighting  rate  and  4-hr  period  was  with  the  number  of  whales 
sighted  per  km^  at  Kalalau  (Table  5,  Figs.  7  and  8).  More  whales  were  sighted  during 
the  afternoon  (14:00  to  17:59)  than  the  previous  two  periods  (Fisher  PLSD:  morning 
vs.  afternoon  =  2.25;  midday  vs.  afternoon  =  2.29)  (Table  5,  Fig.  8).  This  was  similar 
to  1993  results  (Smultea  et  al.  1994).  Sample  sizes  were  too  small  to  test  for 
relationships  between  fortnight  and  4-hr  periods  at  Kalalau. 

The  relative  sighting  rates  of  various  pod  compositions  also  varied  by  fortnight 
period  (Figs.  5  and  6).  At  both  stations,  pods  of  two  adults  generally  comprised  50%  -of 
ail  pods  observed  until  late  March  to  April,  when  their  relative  sighting  frequency 
decreased.  Pods  of  one  adult  and  pods  with  a  calf  together  comprised  the  highest 
proportions  of  pods  sighted  at  the  end  of  the  observation  season  (26  March  to  15  April) 
from  Princeville  (67%)  and  Kalalau  (74%)  (Fig.  6).  Pods  of  more  than  two  adults 
'were  sighted  relatively  infrequently  but  peaked  during  the  peak  of  all  pods  during  late 
February/early  March  (10%  at  Princeville,  16%  at  Kalalau)  (Fig.  6).  These  results 
were  similar  to  1993  results  from  the  north  shore  of  Kauai  (Smultea  et  al.  1993, 
1994). 

Overall,  pods  of  one  and  two  adults  were  sighted  with  similar  frequency  from 
both  Princeville  (49%  and  43%,  respectively)  and  Kalalau  (43%  and  39%, 
respectively)  (Table  3).  Pods  of  more  than  two  adults  were  observed  relatively 
infrequently  from  Kalalau  (13%)  and  less  often  from  Princeville  (7%).  Very  few  pods 
with  a  calf  were  sighted  from  Princeville  (1%)  but  they  comprised  a  higher  proportion 
of  all  sightings  made  from  Kalalau  (5%)  (Table  3). 


Offshore  Scans 

There  were  125  and  118  offshore  scans  completed  from  the  Princeviile  and 
Kalalau  shore  stations,  respectively  (Table  3).  Sightings  rates  were  generaliy  lower  in 
offshore  than  in  nearshore  scan  areas,  particularly  from  the  Kalalau  station  (Table  3, 
Figs.  5,  9,  and  10).  Like  nearshore  scans,  analyses  of  offshore  scan  sighting  rates  were 
also  limited  to  Beaufort  and  sightabiiity  conditions  <  5.  Sighting  rates  generally  dropped 
significantly  during  higher  Beauforts  and  sightabiiity  conditions  (Tabie  6). 

There  was  no  significant  difference  among  offshore  scan  sighting  rates  across 
fortnight  periods  (Table  6).  However,  the  highest  sighting  rates  occurred  between  12 
and  25  February  at  Princeviile  and  between  26  February  and  11  March  at  Kalalau, 
similar  to  results  of  nearshore  scans  (Figs.  5,  9  and  10).  The  only  significant 
difference  among  sighting  rates  by  period  of  day  occurred  at  the  Kalalau  station  where 
fewer  whales  and  pods  were  sighted  during  afternoon  than  during  morning  or  midday 
periods  (Table  6,  Figs.  11  and  12).  This  was  opposite  the  results  of  nearshore  scans  at 
Kalalau,  where  the  highest  sighting  rates  occurred  during  the  afternoon  (Table  5,  Fig. 
8).  This  relationship  did  not  appear  to  relate  to  Beaufort  or  sightabiiity  conditions 
(Table  6). 

Vessel  and  Aircraft  Scans 

The  number  of  vessels  and  aircraft  were  also  counted  during  scans.  Vessels  were 
sighted  more  frequently  from  Kalajau  (2.20  vessels/scan)  than  from  Princeviile  (1.62 
vessels/scan)  (Table  3).  Helicopters  were  sighted  much  more  frequently  from  Kalalau 
(1.71  helicopters/scan)  than  from  Princeviile  (0.05  helicopters/scan).  Helicopters 
and  vessels  at  Kalalau  were  generally  touring  the  Napali  coastline  and  passed  by  the 
Kalalau  shore  station  on  their  way  to  and  from  this  destination  located  west  of  the  Kalalau 
station.  Helicopters  often  turned  and  vessels  oftentimes  stopped  near  the  shore  station 
probably  because  it  was  a  viewpoint  at  the  eastern  end  of  the  Napali  coast.  Many  of  the 
vessels  observed  from  Princeviile  were  likely  the  same  tourboats  observed  from 
Kalalau.  At  Princeviile,  these. vessels  followed  the  coastline,  passing  within  the  western 
edge  of  the  scan  arena  on  their  way  to  the  Napali  coast. 

Turtle  Scans 

Sea  turtles  were  sighted  more  frequently  from  the  Princeviile  (0.44/scan)  than 
from  the  Kalalau  (0.18/scan)  shore  station  (Table  3).  However,  because  effort  was 
prioritized  on  humpback  whales,  results  of  turtle  scans  should  be  interpreted  as 
minimal  occurrence.  All  turtles  were  probably  green  sea  turtles  (Chelonia  mydas), 


although  they  were  generally  not  identified  to  species  due  to  distance  and  brevity  of 
turtle  time  at  the  surface.  The  only  other  coastal  turtles  known  to  occur  in  the  major 
Hawaiian  Islands  are  the  hawksbill  (Eretmochelys  imbricata),  loggerhead  {Caretta 
caretta),  and  olive  ridley  {Lepidochelys  olivacea)  turtles.  The  hawksbill  is  apparently 
limited  to  the  islands  of  Molokai  and  Hawaii  and  the  other  two  species  are  rarely  sighted 
in  Hawaii. 

Other  marine  mammals 

The  presence  of  marine  mammals  other  than  humpbacks  was  also  noted  during 
scans.  Spinner  {Stenella  langirostris)  and  bottlenose  {Tursiops  truncatus)  dolphins 
were  sighted  occasionally  during  scans  (Table  3).  Species  was  not  always  confirmed, 
particularly  in  the  offshore  scan  zone  due  to  distance  and/or  sighting  conditions. 
Information  collected  on  other  marine  mammals  during  scans  was  the  same  as  that  noted 
for  humpback  whales.  One  monk  seal  {Monachus  schauinslandi)  was  sighted  from 
Kalalau  during  a  turtle  scan. 

Opportunistic  Sightings 

The  total  number  of  sightings  made  during  all  effort  hours  (systematic  and  non- 
systematic)  was  tabulated  to  estimate  the  minimum  number  of  humpbacks  and  other 
marine  mammals  and  sea  turtles  passing  within  view  of  the  shore  stations.  These 
sighting  rates  were  expressed  as  the  number  of  sightings  per  hour  of  obsen/ation  effort, 
(including  scans)  (Table  4).  Search  effort  during  non-scan  periods  was  considered 
non-systematic  since  observers  generally  concentrated  efforts  on  tracking  focal  pods, 
while  scans  were  considered  systematic  effort. 

Stenella  sp.  were  sighted  twice  as  frequently  near  Kalalau  (0.14  pods/hr)  than 
near  Princeville  (0.07  pods/hr)  (Table  4).  Thus,  they  were  observed  about  once  every 
2-3  days  from  shore.  When  a  species  was  confirmed,  all  stenellids  were  Stenella 
langirostris,  although  some  mixed  species  pods  may  have  gone  undetected.  Average 
estimated  pod  size  of  stenellids  was  31.8  dolphins  at  Kalalau  and  24.5  at  Princeville.  The 
only  other  confirmed  marine  mammal  species  observed  from  the  shore  stations  were 
bottlenose  dolphins  and  one  monk  seal  (Table  4). 

The  total  number  of  vessels  and  aircraft  passing  the  shore  station  were  also 
tabulated  (Table  4).  Most  vessels  were  <  8  m  (25  feet)  long  at  both  Princeville  (51%) 
and  Kalalau  (57%).  Relatively  few  (2-3%)  vessels  were  >  23  m  (75  feet)  long  and 
most  of  these  occurred  >  1 0  km  from  shore. 
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Table  1.  Inclusive  dates  of  fortnight  (two-week)  periods  based 
on  the  Julian  calendar  as  applied  to  data. 


Fortnight 

Two-week  Period 

1 

1  January  - 14  January 

2 

1 5  January  -  28  January 

3 

29  January  -  1 1  February 

4 

12  February  -  25  February 

5 

26  February  -  1 1  March 

6 

1 2  March  -  25  March 

7 

26  March  -  8  April 

8 

9  April  -  22  April 

Table  2.  Summary  of  field  effort  and  focal  pod  observations  during  1994  shore-based  observations  from 


the  Princeville  and  Kalalau  shore  stations. 


FIELD  EFFORT 

TOTAL 

PRINCEVILLE 

KALALAU 

Time  Period 

1/13-4/15 

1/13-4/15 

1/30-4/15 

Total  No.  Days 

100 

55 

45 

Total  No.  Hours 

544.9 

323 

221. S 

Mean  No.  Hours/Day 

5.93  (±2.33) 

4.93  (=2.36) 

No.  Bad  Weather  Days  (%  of  attempts  >  0.5  hr) 

52 

30  (35%) 

Mean  No.  Scans/Oay 

2.45 

2.29 

2.64 

Mean  No.  Focal  Pods/Day 

2.26 

2.42 

2.07 

Total  Time  with  Focal  Pods  (hr) 

169.5 

96.5 

73 

Mean  Focal  Session  Length  (hr  ±  1  SD) 

0.73  (±  0.73) 

0.78  (:  G.S4) 

FOCAL  POD  OBSERVATIONS 

Pod  Type 

1  Adult 

62  (28%) 

37  (28%) 

mmm 

2  Adults 

96  (42%) 

58  (44%) 

38  (41%) 

>2  Adults  (no  calf) 

30  (13%) 

19(14%) 

11  (12%) 

Pod  with  Calf 

38  (17%) 

19(14%) 

19(20%) 

Total 

226 

133 

93 

Table  3.  Summary  of  nearshore  and  offshore  scan  effort  and  sightings  during  1994  shore-based  observations  from 
the  Princeville  and  Kalalau  shore  stations.  Means  indicated  in  parentheses.  _ _ _ 


TOTAL 

PRINCEVILLE 

KALALAU 

NEARSHORE  SCANS 
(0  - 100  Fathom  Contour) 

No.  Nearshore  Scans 

245 

126 

119 

Mean  No.  Scans/Day 

2.45 

2.29 

2.64 

No.  Individual  Humpbacks 

923 

302  (2.40) 

621  (5.22) 

No.  Humpback  Pods 

529 

187(1.48) 

342  (2.87) 

No.  1  Adult  Pods 

237  (45%)  . 

91  (49%) 

146(43%) 

No.  2  Adult  Pods 

214  (40%) 

81  (43%) 

133  (39%) 

No.  >  2  Adult  Pods  (no  calf) 

57(11%) 

13  (7%) 

44  (13%) 

No.  Pods  with  a  Calf 

21  (4%) 

.  2  (1%) 

19  (5%) 

No.  Sea  Turtles  (Unident,  sp.) 

78 

56  (0.44) 

22  (0.18) 

No.  Stenella  sp.  Pods 

9 

4 

5 

No.  Bottlenose  Dolphin  Pods 

1 

0 

1 

No.  Unidentified  Dolphin  Pods 

4 

2 

2 

No.  Unidentified  Whale  Pods 

4 

2 

2 

No.  Vessels 

466 

204  (1.62) 

252  (2.20) 

No.  Helicopters 

210 

6  (0.05) 

204  (1.71) 

No.  Airplanes 

6 

4 

2 

OFFSHORE  SCANS 

■(arc  centered  on  source  location 
from  100-fathom  contour  to  horizon) 

No.  Offshore  Scans 

243 

125 

118 

No.  Humpback  Pods 

171 

131  (1.05) 

■  40  (0.34) 

No.  Individual  Humpbacks 

287 

211  (1.69) 

75  (0.64) 

No.  Stenella  sp.  Pods 

8 

2 

6 

No.  Bottlenose  Dolphin  Pods 

2 

0 

2 

No.  Unidentified  Dolphin  Pods 

6 

1 

5 

No.  Unidentified  Whale  Pods 

14 

6 

8 

Table  4.  Sightings  made  from  the  Princeville  and  Kalalau  shore  stations  during  all  1994  effort  hours. 
Effort  includes  systematic  (scan)  and  non-systematic  (opportunistic)  sightings. 


Humpback  Pods 


Humpback  Individuals 


Adults 


Calves 


Bottlenose  Dolphin  Pods 


Stenella  sp.  Pods 


Unidentified  Dolphin  Pods 


Unidentified  Large  Whale  Pods 


Unidentified  Small  Cetacean  Pods 


Unidentified  Cetacean  Pods 


Monk  seals 


Sea  Turtles 


Vessel  Passes*  (%  of  station  total) 


Class  1  (length  <25  ft) 


Class  2  (Iength>25  ft  <75  ft) 


Class  3  (length  >75  ft) 


Class  4  (Sailboat) 


Unknown  Class 


Kayak/Canoe  passes  (no  motor)  ” 


Airplane  Passes 


Helicopter  Passes 


PRINCEVILLE 

Total  No.  NoJhr 

323 

775 

2.40 

1272 

3.94 

1250 

3.87 

22 

0.07 

5 

0.02 

22 

0.07 

KALALAU 

Total  No.  I  No./hr 


222 


661 


1189 


1152 


37 


5 


31 


12 


6 


3 


1 


1 


30 


581 


334  (57%) 


227  (39%) 


16(3%) 


*  =  A  'pass'  was  defined  as  a  vessel  enteri.ng  a.nd  leaving  the  field  of  view.  Thus,  some  vessels  and  airc.'a':  v.a-e 
counted  more  than  once. 

”  =  not  classified  as  a  'vessel'  as  canoes  and  Kayaks  did  not  have  motors. 


Table  5.  Results  of  analyses  of  1994  nearshore  scan  sighting  rates  of  humpback  whales  by  shore 
station*.  Kruskal-Wallis  (indicated  by  H  statistic)  and  MANOVA  (indicated  by  F  statistic)  analyses  were  conducted 
separately  for  each  shore  station  using  two  dependent  variables  (no.  whales/scan  or  no.  pods/scan)  by  independent 
variable  indicated  to  left. 


DEPENDENT  VARIABLE 

- 1 

INDEPENDENT 

Princeville 

Kalalau 

VARIABLE 

No.  Pods/SQ.  km 

1 

No.  Whales/sq.  km 

No.  Pods/sq.  km 

No.  Whales/sc.  km 

Beaufort  2-5 

H  =  6.93 

1 

H  =  7.74 

H  =  7.94 

H  =  4.54 

p  =  0.074 

1 

p  =  0.052f 

p  =  0.047f 

p  =  0.21 

n  =  1 25 

1 

i 

n  =  1 19 

Beaufort  2-4 

H  =  6.4 

H  =  7.27 

H  =  2.95 

H  =  1.77 

ps  0.041  f 

1 

p  =  0.026f 

p  =  0.23 

p  =  C.41 

n  =  1C5 

1 

n  =  103 

Sightabiiity  2-6* 

H  =  12.57 

1 

H  =  15.00 

H  =  6.44 

H  =  3.45 

psO.OUf 

1 

1 

p  =  0.0047f 

p  =  0.092 

p  =  :.33 

n  =  1 23 

1 

n  =  1 19 

Sightabiiity  2-4 

H  =  11.97 

J- 

1 

H  =  13.89 

H  =  0.44 

H  =  C.12 

p  =  0.002 sf  ■ 

1 

p  =  0.001 1 

p  =  0.80 

p  =  C.34 

n  =  1  C5 

1 

n  =  103 

Fortnight  ’* 

H  =  3.55 

1 

H  =  6.17 

H  =  9.97 

H  =  £.35 

p  =  0.32 

1 

p  =  0.29 

p  =  0.041  f 

p  = 

n  =  1 05 

1 

1 

n  =  103 

Fortnight  X  Beaufort*** 

F  =  0.£: 

1 

F=  1.20 

F  =  0.83 

F  =  C.94 

p  =  0.s5 

1 

p  =  0.32 

p  =  0.53 

p  =  :.47 

n  =  87 

1 

n  =  99 

Fortnight  X  Sightabiiity*** 

F=  1.45 

-1. 

1 

F  =  0.78 

F  =  0.35 

F  =  :.47 

p  =  0.1 » 

1 

1 

p  =  0.62 

p  =  0.91 

p  =  C.£3 

n  =  87 

1 

n  =  99 

4-hr  Period** 

H  =  3.33 

"T 

1 

H  =  1.50 

H  =  3.47 

H  =  £.35 

p  =  0.1 9 

1 

p  =  0.47 

p  =  0.18 

p  =  0.043 

n  =  105 

1 

1 

i 

n  =  103 

4-hr  Period  X  Beaufort" 

F  =  1.69 

-1 

1 

F  =  1.23 

F=  1.05 

F=l.i£ 

p  =  0.1 5 

1 

p  =  0.30 

p  =  0.39 

p  =  0.33 

n  =  1 05 

\ 

f 

n  =  103 

4-h  Period  X  Sightabiiity'* 

F  =  1 .22 

H 

1 

F=  1.26 

- .  -  - 

h  =  w.r  . 

p  =  0.3l 

1 

p  =  0.29 

p  =  C.45 

n  =  C  5 

1 

*  Beaufort  1  and  2  and  sightabiiity  1  and  2  '.vera  pooled  into  Beaufort  2  or  sighlabiiity  2  to  eliminate 
empty  cells  due  to  small  Beaufort  1  or  sightabiiity  1  sample  sizes.  No  scans  were  conducted  during 
Beaufort  6.  No  scans  were  conducted  frc.-Tt  Kalalau  during  sightabiiity  6. 

t  significant  at  p  ^  0.050 
*'  includes  Beaufort  <  5  and  sightabiiity  <  5 

•*•  includes  Beaufort  <  5  and  sightabiiity  <  5:  coes  not  include  fortnight  1  (n=2)  or  8  (n=5)  at  Princeville 
or  fortnight  8  (n=4)  at  Kalalau  to  eliminate  empty  ceils  due  to  small  sample  sizes  of  these  fonnights. 


Table  6.  Results  of  analyses  of  1994  offshore  scan  sighting  rates  of  humpback  whales  by  shore 
station'.  Kruskal-Wallis  (indicated  by  H  statistic)  and  MANOVA  (indicated  by  F  statistic)  analyses  were  conducted 
separately  for  each  shore  station  using  two  dependent  variabies  (no.  whaies/scan  or  no.  pods/scan)  by  independent 
variable  indicated  to  ieft. 


INDEPENDENT 

VARIABLE 

DEPENDEN 

Princeville 

No.  Pods/Scan  !No.  Whales/Scan 

r  VARIABLE 

Kalalau 

No.  Pods/Scan  |  No.  Whales/Scan 

Beaufort  2-5 

H  =  4.32 

1 

H  =  3.84 

H  =  16.94 

1 

H  =  17.33 

p  =  0.73 
n  =  125 

i 

i 

1 

p  =  0.28 

p  =  0.00070 f 
n  =  118 

1 

{ 

1 

p  =  o.oooeof 

H  =  1.29 

H  =  1.06 

Beaufort  2-4 

1 

H  =  0.001 

1 

H  =  0.01 

p  =  0.52 
n  =  77 

1 

1 

1 

p  =  0.59 

p  =  0.99 
n  =72 

1 

1 

1 

p  =  0.99 

Sightabiiity  2-6 

H  =  10.01 

1 

I 

H  =  6.14 

H  =  6.56 

1 

H  =  5.53 

p  =  0.040f 
n  =  125 

j 

1 

1 

p  =  0.19 

p  =  0.16 

n  =  118 

1 

1 

i 

p  =  0.1£ 

Sightability  2-4 

B 

H  =  1.25 

H  =  0.59 

"  T 

1 

H  =  o.=; 

H 

p  =  0.53 

p  =  0.74 
n  =  72 

1 

1 

p  =  0,5-. 

Fortnight  ” 

H  =  5.i: 

1 

H  =  0.23 

H  =  0.21 

1 

H  =  0.333 

p  =  0.2: 
n  =  73 

1 

1 

1 

p  =  0.2S 

p  =  0.98 
n  =  72 

1 

1 

1 

p  =  0.99 

Fortnight  X  Beaufort*" 

F  =  1.25 

1 

F  =  1.49 

F  =  0.87 

I 

-  -  - 

F  =  C.7C 

p  =  0.2r 

n  =  73 

1 

1 

1 

p  =  0.18 

p  =  0.52 
n  =  72 

I 

1 

1 

p  =  0.55 

Fortnight  X  Sightability”* 

1  F  =  0.3: 

- 

1 

F  =  0.59 

F  =  1.94 

! 

1 

F  =  1.55 

P  =  0.?4 

n  =  73 

! 

1 

I 

p  =  0.75 

p  =  0.10 

n  =  72 

1 

1 

p  =  C.-2 

4-h  Period** 

H  =  5.1 1 

1 

H  =  4.52 

H  =  7.10 

1 

.  H  =  5.:i 

p  =  0.C7s 
n  =  7- 

1 

1 

! 

p  =  0.10 

p  =  0.029t 
n  =  72 

1 

1 

1 

p  =  O.OSOf 

j . 

4-h  Period  X  Beaufort** 

F  =  0.i9 

1 

F  =  1.14 

F  =  0.57 

1 

F  =  1.42 

p  =  0A7 
n  =  77 

1 

1 

1 

p  =  0.35 

p  =0.68 

n  =  72 

1 

1 

1 

1 

p=0.24 

- - 

4-h  Period  X  Sightability** 

F  =  0.53 

1 

F  =  0  69 

F  =  0.18 

1 

"  "l  " 

F  =  0.45 

p  =  0.5- 
n  =  77 

1 

1 

p  =  0.50 

p  =  0.95 
n  =  72 

1 

1 

p  =  C.77 

•  Beaufort  1  and  2  and  Sightabiiity  1  and  2  v.ere  pooled  into  Beaufort  2  or  Sightability  2  to  eliminate 
empty  cells  due  to  small  Beaufort  i  c:  s  :-:acT:y  i  sample  s;:as.  No  scans  were  conducted  during 
Beaufort  6. 

t  significant  at  p  <  0.050 

••  includes  only  Beaufort  <  5  and  sightability  <  5 
includes  only  Beaufort  <  5  and  sightability  <  5;  does  not  include  fortnight  1  (n=2)  or  8  (n=5) 
at  Princeville  or  fortnight  8  (n=4)  at  Kalalau  to  eliminate  empty  ceils  due  to  small  sample  sizes 
of  these  fortnights 


Figure  1 .  Nearshore  scair  Number  of  humpback  whale  pods  sighted  per  km^ 
(±  1  standard  devation)  from  the  Princeville  shore  station.  Number  of  scans 

indicated  above  bars.  '  indicates  Beaufort  numbers  1  and  2  combined  due  to 
small  sample  sizes. 


Figure  2.  Nearshc-e  scan:  Number  of  humpback  whale  pods  sighted  per  kr~ 


Sightability  category 


Figure  3.  Nearshore  scan;  Number  of  humpback  whale  pods  sighted  per  km 
{±  1  standard  devieiion)  by  Beaufort  number  from  the  Kalalau  shore  station. 
Number  of  scans  indicated  above  bars.  *  indicates  Beaufort  numbers  1  and  2 
combined  due  to  small  sample  sizes. 


Beaufort  number 


Figure  4.  Nearshore  scan;  Number  of  humpback  whale  pods  sighted  per  km" 
(±  1  standard  deviation)  by  sightability  category  from  the  Kalalau  shore  static'.. 
Number  of  scans  ir.cicated  above  bars.  *  indicates  sightability  categories  1  a.'c 
2  combined  due  tc  small  sample  sizes.  No  scans  were  conducted  from  Kala'au 
during  a  sightabi'ir/  S  category. 
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No.  pods  sighted  per  15-min  scan 


Figure  5.  Nearshore  scan  sighting  rates  (expressed  as  number  of  pods  sighted  per 
scan)  of  various  humpback  group  types  by  fortnight  period  from  the  Aibatross-and 
Kalalau  shore  stations.  Number  of  scans  indicated  above  bars. '  , . . 
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Figure  6.  Nearshore  scan  density  (number  of  pods  sighted  per  of  various 
humpback  group  types  by  fortnight  period  from  the  Princeville  and  Kalalau  shore 
stations.  Number  of  scans  indicated  above  bars. 
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Figure  7.  Nearshore  scan:  .number  of  humpback  v/hale  pods  sighted  per  km 
(±  1  standard  deviation)  by  4-hour  period  from  the  Pfinceville  shore  station. 
Number  of  scans  indicated  above  bars. 


Figure  8.  Nearshore  sca.n;  .pumber  of  humpback  whale  pods  sighted  per  km^ 
(±  1  standard  deviatic.n.  by  4-hour  block  period  from  the  Kalalau  shore  station. 
Number  of  scans  indicated  above  bars. 
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Figure  9.  Offshore  scan  sighting  rates  by  fortnight  period  at  the  Princeville  shore 
station.  No  scans  were  conducted  during  fortnight  six  (12  March  to  25  March). 
Presentation  as  in  Figure  1. 


Figure  10.  Offshore  scan  s;g.-;:,'.g  rates  by  fortnight  period  at  the  Kaialau  shore  station. 
No  scans  were  conducted  du.’:.*.c  fcnnight  six  (12  March  to  25  March).  Presentatior;  as 
in  Figure  1. 
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Figure  11.  Olfshore  scan 'sighting-reie.  {±  1  standard  deviation)  by  4-hour 
;k  period^'from  the  Princeviile  shore  station.  Number  of  scans 
indicated  above  bars. 
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Figure  12.  Offsrcre  scan  sighting-rSTe  {±  1  standard  deviation)  by  4- 
hour-blQcti^eficc/frcm  the  Kalalau  shore  station.  Number  of  scans 
indicated  above  'fa.'S. 


4-hour  period 


APPENDIX  A 

ATOC-MMRP  SHORE  ENVIRONMENTAL  CONDITIONS  &  RATING  CODES  1994 


ENVIRONMENTAL  CONDITIONS 


CODE 

NAME 

DEFINITION 

VIS 

scale:  1  =  excellent,  2  =  very  good,  3  =  good,  4  =  fair,  5  =  poor,  6  = 
unacceotable  (see  visibility  definitions). 

BF  ' 

BEAUFORT 

Beaufort  wind  scafe  (see  Beaufort  definitions) 

GL 

GLARE 

(SCANS  ONLY) 

percent  of  study  area  covered  by  moderate  to  severe  glare,  which  affects 
ability  to  sight  whales.  Also  note  the  “section"  within  which  glares  occur. 

A  section  =  each  quarter  of  the  study  area  beginning  to  the  left  and  lockir 
clockwise.  There  are  4  sections  total. 

SH 

SWELL  HEIGHT 

estimated  in  meters. 

#  Note:  entered  in  the  initial  header  (HEADH;  and  hourly  update  of  the  environmental  header  HEADE). 


BEHAVIORAL  OBSERVATION  CONFIDENCE  RATINGS* 


CODE 

DEFINITION 

1 

Excellent  respiration  (blows  and  no-blow  rises)  and  behavioral  data  (confident  that  you  are  missing 
none). 

2 

Excellent  respiration  data  (reliable  for  calculating  respiration  rates)  and  "soft"  behavioral  data  (confident 
you  are  seeing  blows  and  no-bic'.v  rises,  but  you  may  be  missing  some  behaviors  (<10%),  usually  due 
to  distance  or  environmental  conditions). 

3 

Okay  respirations  (you  think  you're  getting  most  blows  and  no-blow  rises)  but  shaky  behavior  (you  feel 
YOU  are  unable  to  discern  some  (<25%)  behaviors.  Generally  due  to  distance  or  conditions!. 

4 

Shaky  respirations  (the  data  will  p.'obably  be  useful  only  for  surface  and  oive  times)  and  only  ve;7 
obvious/conspicuous  behaviors  visible. 

5 

Theodolite  tracking  only  due  to  inaoility  to  discern  blows  and  behaviors  usually  due  to  dista.nce  :r 
conditions. 

6 

Shaky  blow  data,  good  behavior  caia.  Usually  occurs  in  poor  lighting  conditions  with  pocs  :r,a: 

are  close  enough  for  most  or  all  behaviors  to  be  visible  (including  no  blow  rises),  but  blows  are  not  seen 

reliably. 

•Note:  entered  in  the  binocular  reticle  conversion  +  rating  header  (HEADR). 


APPENDIX  B 

ATOC-MMRP  SHORE  VISIBILITY  (SIGHTABILITY)  &  BEAUFORT  CODES  1994 


VISIBILITY: 


CODE 


NAME 

DEFINITION 

EXCELLENT 

Surface  water  calm  (Beaufort  0-1)  with  no  sun  glare  or  other 
environmental  factors  impeding  ability  to  sight  whales.  Visibility  >  5  km 

VERY  GOOD 

May  be  slightly  uneven  lighting  or  light  chop  (Beaufort  0-2)  but  still 
relatively  easy  to  sight  whales.  Visibility  >  5  km 

GOOD 

Light  chop  with  scattered  whitecaps  (Beaufort  0-3),  swell  (2-4  m)  or 
some  sun  glare  or  other  impediment  (e.g.,  haze)  in  <10%  of  the  study 
area.  Whales  can  still  be  detected  fairlv  easily. 

FAIR 

/’  \ 

Choppy  waves  with  fairly  frequent  whitecaps,  low-light  conditions 
(e.g.,  heavy  overcast,  dawn,  dusk),, swell  4-6  m  or  sun  glare  in  <50% 
of  study  area.  Some  animals  in  study  area  likely  to  be  missed 

POOR 

Numerous  whitecaps  (Beaufort  5),  sun  glare  or  haze  in  >50V=  c:  the 
study  area,  or  swell  >  6  m,  Impeding  ability  to  sight  whales.  Many 
(>50%  ?)  animals  In  study  area  are  likely  to  be  missed 

UNACCEPTABLE 

Beaufort  >6,  or  glare,  haze,  or  other  visibility  impediment  in  >75%  of 
study  area.  Detection  of  whales  unlikely  unless  the  observer  is  looking 
directly  at  the  place  where  the  animals  surface.  Time  to  oo  hcmiel 

'Note:  Modified  from  NMFS  Platform  of  Opportunity  Program  computer  formal  designed  for  vesse 
based  marine  mammal  sur/eys 


SEA  CONDITION  (BEAUFORT  WIND  SCALE  - ): 


CODE 


0 


1 


2 


3 


'  DESCRIPTION  (abbreviated) 


Smooth  and  mirror-like 


Lioht  rioole 


Small  wavelets,  not  breakir.c  _ 


Scattered  whitecaos 


Small  waves,  frequent  whitecaos 


Moderate  waves,  many  v/hitecaos 


All  whitecaps,  some  sprav 


Breaking  waves,  spindrift  beams 


Medium  high  waves,  foamv 


WIND  SPEED  (kts) 


Calm 


Light  air 


Light  Breeze 


Gentle  Breeze 


Mod.  breeze 


Fresh  breeze 


Strong  breeze 


(11-16) 


(17-21) 


(22-27) 


28-33 


(34-40) 


WAVE  (m) 


APPENDIX  C 

ATOC-MMRP  SHORE  ETHOGRAM  1994 


RESPIRATION: 

FS  First  Surface  with  No  Blow 
F  First  Surface  Blow 

NF  Not  First  Surfacing?  (whale  seen  at  surface) 

B  Blow 

N  No  Blow  Rise  (surface  w/  no  visible  blow) 

M  Missed  Blow(s)?  (breaks  resp.  sequence) 

SUBMERGENCE: 

S  Slip  Under  (terminates  rest  tx3Ut) 

A  Peduncle  Arch  (arching  w/out  lifting  flukes) 

D  Fluke  Down  Dive  (arch  &  lifting  flukes  <  45  deg) 

U  Fluke  Up  Dive  (arch  &  lifting  flukes  >  45  deg) 

SQ  Unidentified  Submergence  >  6C  sec  (Q) 

NON-RESPIRA  TORY  MARKERS: 

NR  Missed  Non-Resp  Beh(s)?  (breaks  sequence) 

UB  Unidentified  Behavior 

SUBSURFACE  EXHALA  TIONS: 

BC  Bubble  Cloud  (single  burst  of  buboies) 

BT  Linear  Bubble  Trail  (stream  of  buobles) 

WHALE  VOCALIZATIONS: 

TB  Trumpet  Blew  (blow  modifier) 

SR  Singing  Reported  (by  research  vessel  or  array) 

SS  Singing  Slop 

HEAD  &  LEAPING  BEHAVIORS: 

HR  Head  Rise  (Spyhop) 

HL  Head  Lunge  (forward  thrust  <  45  deg  with  splash) 
MB  MotorBoating  (sustained  head  lunge) 

HS  Head  Slap  (forward  thrust  >  45  csg  i  slap) 

BR  BReach  (non-forward  leap) 

US  Unidentified  Large  Splash? 

OH  Other  Head  Behavior? 

TAIL  BEHAVIORS 

TE  Tail  Extension  (holds  in  air  >  3  sec; 

TS  Tail  Slap  (slapping  water  surface  with  tail) 

LS  Lateral  Tail  Slap  (peduncle  slap) 

SW  Tail  SWish  (side-to-side  motion) 

LT  Lateral  Tail  Display  (no  need  to  call  with  PS) 

OT  Other  Tail  Behavior? 


PECTORAL  FIN  BEHAVIORS: 

PE  Pec  Extension'  (1  or  both  fins  >  3  sec) 

PS  Pec  Slap  (form  unspecified) 

RP  Rolling  Pec  Slap  (rotating  rcstro-CEucei  axis) 

OP  Other  Pec  Behavior? 

BODY  CONTACT: 

SB  Striking  with  any  Body  Part  , 

WC  Whale  Body  Contact  (non-strike) 

•AGE  MODIFIER,  FOCAL  WHALE: 

1  Adult  (default,  just  enter  beh.  lens:  codes) 

2  Mom 

3  Calf 

4  Escort 

•Note;  focal  whale  mod.  AFTER  field  letter  code. 


BEHAVIOR  STATES  (^computer  function  keys): 

Ft  REST  (rest) 

F2  MILL  (mill) 

F3  TRAVEL  (trav) 

F4  STATIONARY  (stat) 

F5  SURFACE  ACTIVE  MILLING  (smil) 

F6  SURFACE  ACTIVE  TRAVEL  (strv) 

F7  UNKNOWN  (unkn) 

•Note:  see  behavior  state  definitions  for  detail. 

FOCAL  POD  EVENTS: 

PD  Pod  Decreases  Speed 
PI  Pod  Increases  Speed 
PX  Pod  Stops  (X) 

P45  Pod  Changes  Direaion  >  45  <  50  ceg 
P90  Pod  Changes  Direction  >  90  <  15C  deg 
PI  80  Pod  Change  Direction  180  dec 
FOCAL  VESSEL(S)  EVENTS: 

V45  Vessel  Changes  Direction  >  45  ci: 

VX  Vessel  Stops  (X) 

VS  Vessel  Starts 

VC  Vessel  Changes  Speed  Notabiv 

•FOCAL  POD  AFFILlATION/DISAFFlLiATlON; 

PAF  Pods  AFfiliate  (2+  join  to  form 
PDS  Pods  Disaffiliate  (pod  splits) 

SAF  Suspected  AFfiliation 
SDS  Suspected  DiSaffiiiation 
•Note:  a  pod  equals  whales  <  5  WLU. 

LOST  FOCAL  POD/END  SESSION: 

PUN  Pod  Identification  Nu.mber  Uncena 
PL  Pod  Lost  "  Note  any  Reason?: 

COMPUTER  &  THEODOLITE  AIDS; 

L  Lag  (3  sec)  in  calling  beh 
Lff"  Lag  (-f  no.  of  sec)  in  calling  ben 
X  Delete  previous  entry  (X) 

XX  Delete  last  sequence  of  entries  :XX; 

ZF#  "Zero’  reference  Fix 
NZff  Non-’Zero"  reference  fix 
TFf#  Titty  Peak  Fix 
BFN  Buoy  (FAD)  Fix  -  N  shore 
SVS  Start  Vessel  Scan 
SSC  Start  whale  SCan 
ESO  End  whale  SCan 
TBC  Theodolite  Bubble  Check 
RBT  Re  Balance  Theodolite 

POD  MODIFIERS  &  NONFOCAL  SAMPLING: 

Putt  Theodolite  Pod  Fix  -r  ID  no. 

Vffff  Theodolite  Vessel  Fix  -i-  ID  no. 

H#ff  Helicopter  -t-  ID  no. 

AP“#  Air  Plane  +  ID  no. 

CPA  Closest  Point  of  Approach 

SPft  Slenella  SPecies  (spotted  and  cr  soinner  dolphins) 
BN#  BottleNose  Dolphin  (Tursieps  srr.. 

TU#  Sea  TUrtle(s)  (green) 

OS#  Other  Species  (ID  species  as  cc.mment) 

'Ethogram  modified  from:  Baker  et  al.  1953,  V/ursig  et  al. 
1984,  Bauer  1986.  Richardson  et  al.  1991.  Kieckhefer  1992. 


APPENDIX  D 

ATOC-MMRP  SHORE  BEHAVIOR  STATES  1994 
Computer  Function  Keys 


Key  No 

Code 

Name 

Definition 

FI 

rest 

REST 

indicated  when  a  whale(s)  lies  horizontal  and 
motionless  near  the  surface  in  the  same  location  for  5 
sec  or  more. 

F2 

mill 

MILLING 

swimming  with  no  obvious  orientation  (non-directional) 
characterized  by  asynchronous  headings,  circling, 
changes  in  speed,  and  no  surface  activity. 

F3 

trav 

TRAVELING 

swimming  with  an  obvious  orientation  (directional),  no 
surface  activity. 

F4 

stat 

STATIONARY 

little  or  no  forward  movement  (<1  km/hr)  between 
surfacing  sequences,  staying  in  the  same  gene.'al 
location  (singers  and  tail-sailers  fit  in  this  stats). 

F5 

smil 

SURFACE 

ACTIVE 

MILLING 

non-directional  swimming  with  the  occurrence  cf  aerial 
behavior  that  creates  a  conspicuous  splash  (include  all 
head,  tail,  pec  fin,  and  leaping  behavior).  This  is  also  an 
event  for  non-focal  pods. 

F6 

strv 

SURFACE 
ACTIVE  TRAVEL 

directional  swimming  with  the  occurrence  of  ae.hai 
behavior  that  creates  a  conspicuous  splash.  This  is  also 
an  event  for  non-focal  pods. 

F7 

unkn 

UNKNOWN 

behavioral  state  undetermined/unknown 

*Note:  record  approx,  speed  and  compass  direction  when  possible  in  the  HEADS  header. 
C  =  not  moving  forward 

1  =  slow  (no  wake,  1-2  km/hr) 

2  =  medium  (srriall  wake,  3-5  km/hr) 

3  =  fast  (large  wake,  >  6  km/hr) 

Events  are  instantaneous,  while  states  have  appreciable  duration  (Altmann  1974). 


t  a!.  1932,  Wursip  el  al.  1984,  Bauer  1986.  and  Richardscn  s:  s 


1 


'Behavior  States  modified  from:  Baker  e. 


;/.  1991 


APPENDIX  E 

ATOC-MMRP  SHORE  RESPIRATION  VARIABLES  1994 


Surface-dive  cycles  were  used  as  primary  means  of  quantifying  differences  in  behavioral  states. 

The  following  six  variables  of  respiration  were  measured: 

1.  Blow  Interval  (Bi) :  time  interval  of  60  sec  or  less  between  exhalations  at  (or  near)  the 
surface.* 

2.  Number  of  Blows  per  Surface  Duration  (NBS) :  number  of  exhalations  during  a 
surface  period. 

3.  Duration  at  Suriace(DS) :  period  of  time  spent  at  (or  near)  the  surface  between 
successive  dives.  Sunace  duration  was  terminated  by  a  submergence  with  blow 
inten/al  exceeding  60  seconds. 

4.  Duration  of  Dive  (DO) :  period  of  time  during  a  dive  to  first  surfacing.  First  exhaiaticn 
exceeding  60  sec  in  length  marked  the  beginning  of  a  surface  duration. 

5.  Surface  Blow  Rate  (SBR) :  total  number  of  exhalations  divided  by  surface  dura::cn 
from  each  complete  surface-dive  cycles. 

6.  Surface-Dive  Blow  Rate  (SDBR)  :  total  number  of  exhalations  divided  by  sunace 
duration  and  dive  duration  from  each  complete  surface-dive  cycles. 

*Note:  60-sec  method  was  selected  by  cutting  off  the  tail  of  a  skewed  frequency  distribution  of 
pooled  blow  intervals  of  adult  humpback  whales  (including  cows  and  esoorts).  Blow  infs'.'e's  of 
calves  displayed  a  simila.'  cistribtution. 


APPENDIX  F 

1994  ATOC-MMRP  SHORE  POTENTIAL  DISTURBANCE  CATEGORIES  FOR  FOCAL  PODS 
EXPERIMENTAL  CONDITIONS  (expt  =  computer  5  digit  code): 

li^^M^=^^=============s===========:=============================:^================= 

(0)  Presumably  undisturbed  (All  vessels  >  4  km) 

(1)  Vessel  <  25  ft  long 

(2)  Vessel  >  25  ft  <  75  ft  long 

(3)  Vessel  >  75  ft  long 

lil=Jili^£ll==^^^^^==s===^==========z=z===== 

2.  Vessel  CPA/Behavior  Categories  (called  @  CPA  and  start  of  focal  session) _ 

(0)  AH  vessels  >  4  km  (  =  default;  if  not  called  assume  "0") 

( 1 )  CPA  >  1  km  and  <  4  km 

(2)  CPA  <  1  km,  linear  pass-by 

(3)  CPA  <  1  km,  erratic  travel 

(4)  CPA  <  1  km,  active  following 

(5)  CPA  <  1  km,  stationary 


3.  Aircraft  (airplane  &  helicopter)  Type  (<  1  km  horizontal  distance  only) 

(0)  Presumably  undisturbed  (All  aircraft  >  2000  ft  alt.  &  >  1  km  horiz.) 

(1)  Helicopter  or  single-engine  airpiane  (e.g.,  Cessna  172) 

(2)  Small  twin-engine  airplane  (e.g.,  ATOC  behavior/survey  plane) 

(3)  Medium-size,  commuter-type  airplane  (e.g..  Twin  Otter  up  to  40  passgrs) 

(4)  Large  airplane,  >  40  passengers  (e.g..  Navy  cargo) 


4.  Aircraft  Altitude  (feet)  (<  1  km  horizontal  distance  only) 


(0) 

ALT  >  2000  ft  (  =  default;  if  not  called  assume  "0") 

(1) 

ALT  >  1 000  ft  and  <  2000  ft 

(2) 

ALT>  500  and  <  1000  ft 

“ 

(3) 

ALT  <  500  ft 

5.  Aircraft  Behavior  (<  1  km  horizontal  distance  only) _ 

(0)  Presumably  undisturbed  (All  aircraft  >  2000  ft  ait,.  >  1  km  horiz.) 

( 1 )  Linear  pass-by 

(2)  Erratic  pass-by  (up  &  down,  zig-zag  flight) 

(3)  Active  circling  or  hovering  _ ; _ 


Modified  LGL  Coding  and  File  Formats  for  Bowhead  Behavioral  Data  (Richardson  et  al.  1991) 
and  personal  communication  with  Dr.  Gordon  B.  Bauer  (10/1 1/93). 


APPENDIX  G 

ATOC-MMRP  SHORE  COMPUTER  HEADERS  &  PROTOCOL  1  994 


n  HEAD-H  (INITIAL  HEADER  INFORMATION) 

Observational  Station?  (2  digits) 

Focal  Behavioral  Observer?  (2  digits) 

Observational  Period?  (2  digits) 

Total  No.  Vessels  w/in  a  Session?  (2  digits,  enter  99.  At  end  of  day,  this  is  the  total 

#  of  vessels  that  occurred  <  4  km  from  focal  pod) 

Pod  Number?  (2  digits,  e.g.  0i) 

Group  Size?  (2  digits) 

No.  of  Calves?  (l  digit) 
speed  (0  to  3)?  (_i  digit) 

Orientation  (deg  mag)?  (3  digits) 

Observation  Conditions  (Vis  -f  Beauf,  0  to  6)?  (2  digits) 

Swell  Height  (m)?  (3  digits,  e.g.  1.2) 

Vessel  Disturbance  (0  to  4)?  (2  digits) 

Aircraft  Disturbance  (0  to  4)?  (3  digits) 

2)  HEAD-R  (BINOCULAR  RETICLE  CONVERSION  +  RATING) 

Reticle  Number?  (Prints  distance  from  shore  in  km) 

Confidence  Rating  (1  to  6)?  (i  digit) 

3)  HEAD-S  (UPDATE  POD  ORIENTATION  +  SPEED) 

Speed  (0  to  3)?  (1  digit) 

Orientation  (deg  mag)?  (3  digits) 

4)  HEAD-D  (UPDATE  DISTURBANCE  LOGGING) 

Vessel  Disturbance  (0  to  4)?  (2  digits) 

Aircraft  Disturbance  (0  to  4)?  (3  digits) 

5)  HEAD-E  (UPDATE  ENVIRONMENTAL  DATA) 

Observation  Conditions  (Vis  ^  Beauf,  0  to  6)?  (2  digits) 

Swell  Height  (m)?  (3  digits,  e.g.  1.2) 

*Note:  Every  hour  you  will  be  flagged  w/  HEADE  &  beeps. 

6)  HEAD-A  (WHALE  AFFILIATION/DISAFFILIATION) 

Affil/Disaffii  (A  or  D)? 

New  Pod  Number? 

New  Group  Size? 

No.  of  Calves? 

New  Observational  Period? 

Vessel  Disturbance  (0  to  4)?  (2  digits) 


APPENDIX  H 

ATQC-MMRP  1994  SHORE  STATION  AND  OBSERVER  CODES 
RADIO  HANDLES:  Call  sign  WCD  5562 

VHF  CHANNEL:  72  (alternate  =  69) _ 


Albatross  =  Princeviile  shore  site 

Pali  Mo'o  =  Kalaiau  shore  site 

Honu  =  Princeviile  house 

Malolo  =  Boston  Whaler  (code  V69) 

Goonev  Bird  =  Aerial  Observation  olane  (code  AP69) 

OBSERVER  IDENTIFICATION  NUMBERS 


01  =  Adam  Frankel 

08  =  Matt  Irinaga 

02  =  Mari  Smuttea 

09  =  Mia  Grifalconi 

03  =  Christine  Gabriele 

10  =  Janet  Doherty 

04  =  Alison  Craig 

1 1  =  Dave  Weller 

05  =  Tom  Kieckhefer 

12  =  Christopher  Clark 

06  =  Ann  Zoidis 

13  =  Joe  Mobley 

07  =  Tom  Norris 

14  =  Bernd  Wursig 

15  =  Ann  Bowles 

KAUAI  SHORE  STATIONS 


Code 

Shore 

Station 

Name 

Cliff  Height 

Without 

t  h  eo 

Distance 

to 

Horizon 

Zero 

Reference 

Reference 

Point 

and  Ancle 

1 1 

Albatross 

47.12  m 

27.4  km 

magnetic  north 

Titty  Peak 

(Punahele  Street) 

251®  53  'C'" 

12 

Me  Bryde  Mill 

42.20  m 

25.7  km 

magnetic  north 

Puolo  Pcini 

(south  shore) 

navigation  marker 

2S4®  57' 

13 

Pu'u  Poa 

not  measured 

n/a 

n/a 

n/a 

(Hideaways) 

14 

Kilauea  Lighthouse 

not  measured 

n/a 

n/a 

n/a 

15 

Kalaiau  Trail 

139.41  m 

46.5  km 

magnetic  north 

Makuaiki  Point 

232«  2r  00' 
n/a 


16 


Kaweonui  Street 


not  measured  n/a 


n/a 


